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ABSTRACT c 

This teaching unit explores coal as an energy 
resource. Goals, student objectives, background information, and 
activity options are presented for each major section. The sections 
are: (1) an introduction to coal (which describes Ww and where' coal 
was formed and explains the types of coal); i2) the'mining of coal 
(i-ncluding the methods and ways of transporting coal)^ (3) the use of 
coal (reviewing histbr-ical uses and current products); and (4) 
problems with using coal (assessing environmental artd health related 
factors). Throughout the document several fact sheets are presented 
in a pictorial and graphic manner. References are given for films and 
publications -that pertain to coal and/or energy-related issues. An * 
appendix provides additional background 'information for teachers. and 
activity possibilities for studeqts. (ML) 
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COAL 



IntrodUct ipn . 

A. ' Hc*W coal was f or nicfd • 
* Where coaV was formed 
C Ghief kinfcla of coal 

Mining of Coal \ v 

A* How * coal j« mined 
-B. How C9al is transported 
Leading coal companies - 

Use of Cpal 

A* History of use ; * * 
B« Products from cdal 
C^Jtfsed aa a .fuia^ * , 

V 

Problems ^ith Using Coal 

A. Mine safety 

B^ Environmental factors 

C# Health factors 
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i. J * . i 



-dtucLeiiv Objective; * • ^ 

x'he stuuent .should be able to ,;ive a written •definition 'of 
coal. 

coal aefinition'. ' - , ' 

j,Ooal is a black or orownish- black sdlia* 6omoustiti^.e substance , 
formea oy t he -parti 4al decomposi uion. of vegetable*, matter 
without free ^pcfts«a of air and under the influence of moisture 
and in-crea^ea pressure' ana temperature* '« ' * 

.. .. • • . •.' < 1 \. 

Coal formation * <=;*i-- ' - . • N N • 

.iome coal lormed '40U million ye.irs ago but high ranking coal 
such as that, in Jaetern 'fennessee was formed only 250 million, 
yeare. a&o during the Paleozoic ana luississippian Periods*. 
Coal forming perioas .are often called i^arlj or Late * 
Carboniferous Periods. * • - \ '". 

uuring the late Paleozoic Era, 300,00.0,000 years ago, th^- earth 
atmosphere* was moisture iaden and steamy* -'.Cfte earth'3. surface t 

was covered with* aen^e forests- of mosses ,• Serns , and 

•• ^ 

gyranosnerm type plants -^juiotena , protozoan, fungi, and 
alg .e were cjuite common botn on lanu 'masses ana in the. ^> 
s.vamos ana water '"environment a, Among the^plants lived -giant 
insects and big -lizaras. .as-time oassed, giant olants died 
ana 'fell into » the swamps, A spongy, "brown . Vegetabley matter, 
called peat began to form, iow plants grew on top "-of old* • - 
fhen they too died' and* became pari of the mass q£ peat. ••• 'J , 
otratif icatiosi oceurreu with dJrast and -sand being deposited 
petween layers; of p*eat. neat, a.-d pressure caused diii'erent 
t w 'pes of coal co ,oe formed, jurmg mMiions oi». years 'these t 
layers of ' veget\t.ion were converted' /jo*, carbon and. 
hydrooaroona. i J ea; was convert eu to brown coals a/ad JLignite'. 
••ith, the adaition df moisture," heat, and pressure • / 

subuicuminous a%a oituminous coals 'were formed. ' An chraolt e^ 
coal's were finally transformed by %\\e\ cnemical andty^bysical 

• * • * * * 

interactions .of moisture, heat and pressure, on vt]i4 bituminous 
• , ». 

^n«is. : • . • 



atuaent^OPijective; * '. . . ' ^ -x * * \ '; 

i'he sxuaant uuould be'aoje to^ outline t^ events in. the ''■ 
iormat^ortoi coal. >ayera of >e 0 statiorr >^arboa and "hydro carbons 
-v--*-poat ^browni.coal3 ana li^iite. (additional npi^ture , % 
heat and pressure) ~ r> 3U "obitilnin6u3 and bitu-iitous 3h ami c • ^. 
'ana-onvsieai interaction of moisture, hetit and preaaure*) > . 
Jaiithracite coals.'. A . ' ' • ... • s • 

Library^ stuuy. . ■ \ . \ 

Jsi*i^ the- .Vorld xiook Encyclopedia, pr other resource rtq^eriaii, / . ^ 
""iinyt out about the'- formation oi coal and make a 3eries of , 
arawinr3 for <>oUr Notebook which shows i\on coal is formed and ^ 
dej^adr^u. Labia ,oar arawings. . , • 

otuuent ybjective'; • • > 

fhe studant; sr.oulu* * e able to- answer questions, about the 
relative iimounts of different ranks of coal anu aooui the 
location oi these coal.3 .in^Th'e Unit ed\ orates and in * 
'fenne'ssee when ^iven a map and o.in£orraation about coal «.' 
aepoaits. t ... > « . r • . . 



nap 3-tuay, activity . Ap jehuix I-A ^ 

ohow students samples oi coal. .* - •£ ' 

Ooal d eposits . * * » ' " 

.»,o3t coal seams are 1-2 meters miek. In Lake ~Je ^met , 1 
Jonnson county, ./yoming* a coal seam has "been identif iea % aj=r- ' 
narrow- as 30 meters -and as thick as 7u meters, "x'iie thickest known 
£eam reco^niiiea in' the worlu today .is- located" in Manchuria and 
is approximately 140 meters across. , 

s * 
■ x , it \ • * * 

dtuaent ubjective: . 

x'ho jO--*ent should w aole to draw conclusions about the' 
relationship between the rank oi coal and the carbpn and 

V ' •' ' ' 

moisture content of the coal by reacting tables. ♦ 



Jtuuents should be auie-to list Cue ranks oi coal Irom the 

hi-.^nest raiik'to the Lerwe.st rank.. ( xKe 4 main classiiications; 

♦ * # 

xieadins tables activity, \ippenuix 1-3 , • . 



• Jjl1 lerefrtiation pi - Coal by Hank ^ ' ,« 

* * 

One fclassi1.ieat4.on of coal is by rank, Ut ( U, according to 
tne decree of • metamorphism, or progressive alteration,' in the 
natural series from lignite to anthracite. In considering $he 
r.uikin^ ox coal^Jhe volatile matter, fixed carbon ,* moist-ire 
concent, aria., oxygen are • idoutif iea with e-ach sam.ole. Older; 
coals, are oiten identified by percentages of fixed carbon 'and , ' 
percentages of volatile matter. •3fouu» 0 er oo41s are identified , 
py the heating value in ui'U/lb. Ae amount of heatr. which is 

rele^sea oy burning aoal can be aetermined by direct neasurament 

• <•*.♦. 
in a calorimeter;^ > * * 

^ ■ ; ■ » ' 

otuci,ent objective ' *■ • ^ ' 

xhe stuuent- snould be able -co lv>t cne elements present in ,coal 

teiJL about tne importance of* each element, (i.iajor elements) 
Gnejruca l uo mooeit io n of Coal. • ' 

fwo. types, of analyses are in common use for expressing the * 
composition of coal. In the ultimat e analysi s the coal aamole 
is uned v ana aetorr.i. ration is made of each of this major- 
'caemical elements ; % - carbon , ayaro„en, sulfur, nitrogen ana 
ash. i'he remainuer is assumea to :;e oxygen. 'in oro\-i.ma-t e 
analysi s -four arbitrarily aeii.ed j?oups»o£ constituents 

are aeterminea. moisture, volatile master ana aah are 

' - ' -3 

measured, and fixed carbon is that wnich. is left, fhe 3um of 
tne fixed carnon and the volatile matter is termed the 

• corrects tiole. 

asIi coir.es from two sources. 2he intrinsic ash is due to the 
mineral content of 'the vegetative matter, in tiie original 
material, rhe extraneous ash * is the result o*' nireral content 
o^. tne tnuu aejovgi'tBy ^n«tle and pjrit^s in . the ♦coal seams, .ish 
may incluue oxides of sTLi^nn, aluminum/ titanium, iron, 
calcium', * ma c no siUm, sodium, and potassium. Jul Tar : ! :ay also be 
a constituent of - the ash. \asii content varies over a wide range 
even within a single co,al seam.. 

Library 'stauy. ■ ' . - 

'.Jo find out about the elements oresent in coal and the 
import. u-ice of these elements to the fuel. ' • ^/ 



;,,\/ < i.a.u,u'.iw Appendix I - G 
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./ora list I'or ae-iniEiom? cu.a spelling. 
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;>The EarthV Coarand Oil 



tiiu.iiiu — mi, 



Coal Deposits OU Producing Areas A 



Od 




Af«jp is based onJmmotosme, Inter r opted, equal area projectiqp, to tocuf attention on the land masses ot the Earth 
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l£%§ bituminous 



sub< bituminous 



anthracite \ 



1. Fill in" the nanus of the states that havccoal reserves. 

2 Can you tell from this map how many tons of coal we have in the 
United States? Why or why not? 

3. Notice that there are large deposits shown in Michigan, yet coal is 
not tniiied there. Can you guess why not? 



4, From looking at the map do you think that the area you live In has 
electricity produced from coal? Check with your local utility plant to 
find out whether or not you are right. ( 
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where is the major deposit Ox» anthracite coal Jound? 



0 

* < 



o. .<here i.i title' united otataci aoes one i inu u-r)o..its ol •'. 
ii t ;nite <coal? * • ' ^ 

name at least *3„ states* uri.ich nave lignite- deposits' y 

/. .^ame at least j states wifcn yu bbituminouif^coal deposits; ' 

; . . . V • , v . ' . ' * . j 

8.. ;.amet lour suaoos v/r.icn nay'e ooth. subbifcuminous as .veil 
as bit urinous deposits of c<5al. 

I • ' V 

• ' I* 

9. Approximately no\/ many states aave citunino&s deoCsits 
oi coal? - 

10. In v;nat mountain ar'ea or lia^t i}enrie3se i are une- • * 
ae^osics oi oitaminous coal iound? 

• • v * 

11. ./hat .is tne r^me oi" the mou^nt.-irri cnain wnich extends 
from Pennsylvania aouth and .westward to che state* oi 
alaoama, in wnich aeposits oi' oituminous ,ooai arj x'ou/.A? 

4. 

12. Of the total coal reserves \i\ the united otates, wnat 
fraction oi, tne area is ioami in Ghe areas ox' t,.ie- 

■jreat Plairis, tne nocky liountains ana the <estern states? 
( 1/d 1/1 J ^/5 or 1/4 ) . 

Ij. j'ron „o.*r anav/er u^ternuneu in ^qt^estion .V m\'OV9> ;vh\ 
xia'^e unese coal ro^erves. noo veQ:? u^eu as v/iCi-jl^/ as 
vnose ao)0oic3 oi coal iou^a e at oi tne i v io:;isji >oi 
-tiverY . Jiscaoo tne reaves -jive** V 0 *- oar answer in 
cermu oi loc&uio.:, cru-.oporsji'Cion, i*\a o.ie/ilcal 
co 4 7uo ji^io.. oi che coal ic:s^l-i\ 
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1 i 



L I 



_4 



'•f 



Scale in Miles- 



0 



25 



SO 
> 



♦ 75 



100 



.:Ol 



cii m.uuio lzi oou„uioo ^.j oo a a'iUilfur oo,iLe»ib , renter 

U:JC i,: ' ' < L " " ulu f 1 •" ' c,.„ta 4 .fc x,! fci.j :-i-v3 ' r,.,.,o, .. t.iiivl color lor 

- r.*n.,o «.i.a «* iourtu wJor lor a yaliur uontaat than 1 *' 

. • \ . ..... . "• 
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Typical Compositioyi of fennessee Coal 



deceived 



Moisture and Ash Free 



4* 



(Jotinty ^ , 



Moisture 



Ash 



Volatile Fixed ^ * c 
Matter Carbon 



l« 2 



0- 



... . . x 

Aiu!civ>oa, Campbell 2-6 

Clii!>erne, Overton, Scott 2-6 

I\ mi:css t ^torgaii," White 2:5 
lla^ii Uuii,W&rion.* , 



' (iiu.dy, Rllea, Roane 



3-5 



^2-4 



2- 8 

4- 12. 

3- 11 

5- 15 



- — 

40 lx* . 59.7 



Value 
Btu/lb ' 



83.1 -5.5 H 7.4 2.1 Y.9 



40.5 t. V 59.5 # -83.5 -5.6 6.3- 2.0 2.4 

* 83.0 5.7 * 6vl 1.7 3.5 



41.6.8 
14.5 



! ; 58.4 
. 68.9 
65.5 



87.3 5.4 4.2 1.6 l.S 
85.7.5.3 6.1 1.6 1 1.3 



14SS0 

' 1^4° 
15G90 

15 125 

'15160 " % 



Noil ; 1) Moisaire refers^to coal containing its natural inherent water content but not including 
^ visible wdter on the surface of the coal* ' \ " 



2) Volatile Matter and Fixed Carbon percentages 11 niu^tf add up to 100, as well as the sum of 
* C, H 2> 0 2> N 2 , and S. < } , - ^ 



o 

ERIC 



Adapted from dc Lorenzi, Otto, , Com bust ion Enftineerino , Riverside Press . Cambridge, 2-13. 
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TA&LE 1-4 



I. 'AnlliM'. •* it- 



\ 

II. Ui'niuitiO'.ts 



Classification of co*b by ranK* (ASTM D 333) 



Croup 



• Limits, r ,i 
( Dry. MinciaK 
MaU< t'l r<v 
llasis) 

lapal or 
Greater 



Volatile M«U«»i 

Limits, "r 

(Dtv, Mtmral- 
Mattei-lrcc 

* HasiO 

— ' — .» 

ICctii.iI . 
Vreatcr- or, Lew 
Thau Than 



I Mt't.t-tiiitluiicitc 

2. -Antfiracitii 

C. Ne»ni\mthracite" 



as 



08 
92 



o 
14 



Calorific Value 
Limit\. Dtu. lb 

(Moi>!.* 
Miner il-Maltrr- 
Frvr 4tai«) 

Equal or 
tfreater * % Less 
Than '^j^ 



Aptlomctnting * 
Character * 



}« 



N'onagglpincratlng 



J Low volatile l:ihiiiiinoii\ c*»al 78 HO 

* 2.. Mrftiitiii volittlf Ht<:iitiiioiis coal 00 7H 
V llil'li \ol.itllr .\ LitniuiiioilN toal ~. 09 

-•1 lltij. loiatil-: H KttiiiniiioiiN eoal — ~ 

* 3. Ilicji volatile C hiUutiiiioiis eoal 



11 .1 
22 
31 



22 
31 



1. SitMiituiuiuous .\ ffwl- 
HI. Snfyl*iiu:mwMTS 2 S'lMalMmiiioit* /i coal 

•? A StlU|«;||i|| t ;»|*H s <7 1<mI 




Comma *V 
A^rjomcrattng* 

J 11.500 lojWO 
\lO,5UO« 11,56(1 A^omrratitiK 



— — ''13.IXKH M.WO 



a. - 



IV. 



I I'MUt'lC 



1. I J ti:iU: .\ 

2. l'i;iiV /; 



\ W.5Q0 1 1.300 * 
V *Q&m io.5«;o 



11.300- 
10J 



6,100 



S.S00 I * 

<uoo J 



<l-Mfi< it.oM i!i • . not imcIimK- i few cak pnn< apallv non- 

l/ril.tl \»:n1- s. v hi It |i.f'iiuii%»M j-hvviral nul i lii intc pop 
. t iti.-s .it-! w| it !t <i.:n - (|, % I,i| i: t.. of f,x»..| yiili-.;. in ciJoiiliV 

\a»»**i.»! llu- hi(t!i«,i*it>UN arid Mi|e>ilitniiti*t a i> ratil.<..« All' 

. C ?, :hf i •%.•!% f i tli* - iVin;..||| f|ui:t -IS'" »|t\. mmu.il ntat'er- 

f*fvj- . .1 . ^-r i« iiiim 15 ii:<>i%t. iisiu lahiiutler* 

• I'l ti : t #, i -i ^ t! n:i.t- n* r j»o-.i..f 

!'N*«»i-l tt f« i , !o --Hi t tuif*ni i:u« r i\ iMtmal intu it fit i:*i.istinr hut 
i ot.HK rttl.it- %i.jMc \\.<t, r on lh- mhI.-c*: oi llu- «nal. 



' If itp*loiucHiWtit; v classify tu low-vv)atilc gicmp cf the hituuiinous 

/KVals ln\in-» (>i|% *»r umiv fi\<il L-aibon on the <Irv, iniuvral- 
liialtvr-lifv Imms shall lio olasNilu ^ accotiliut* to f\\vil uul>on, ' 
i<'!tar<!!«-NS i»f <\u\»iilic \ahu\ J « 

r U is Mi^>^iii/rd that their uuiy he iionattqloioci;:tin*4 varit-ttVjt in 
tln sc ^nuipvof tla* hitiiiuiuoits class, arttl tUic aiv notal)1<: txcep- 
lions in hi-* 1 1 volatile <^ hituiumouii ^roup« 



ilio Rih-ot k aihtlviJcox Coiiipiiii^ 1972, Stca-i - Its Generation Aid Uso > New Yoric, 5 -11. 
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• TABLE 1-U '. . 

/ . Coal Analysis 
On as -received basis 
(Pittsburgh Seam Coal, Wesj Virginia) 



/ 



Proximate Analysis • t 
Component Weight, V 

Moisture" * 2.5 

Volatile matter 37.6 

Fixed carbon - 52.9 

As\ 7?0 

\)TAL 100.00 

Heating value, 
. Btu/lb 13,000 • 



Ultimate Analysis 
Component - Weighty I 



Moisture 

Carbon 

Hydrogen 

Sulfur 

Nitrogen, 

Oxygen 

Ash 



TOTAL 



2.S 
75.0 
- 5.0 

9 1.5 
-6.7 
7.0 



. From the Babcock & Wilcox Co. , 1972, Steam- Its' Generation* and JJse , New York. 
.5-9. ■ " J 



and^Js 



Using the table above an^ the table "The Typical Composition 
of r i!enne^see Coal" answe.r the following questions?; ,(a) -How does 
the fixed carbon in Tennessee Coal compare -with tfte tfixed* carbon 
in Pittsburg ooal? (b) What, is the importance " of -the fixed carbon? 

(c) How does the fixed carbon relate to the coal rarik? v 

(d) How dges moisture content relate to coal rank? 



1 



4 



Using the table Jbelow, determine how the fixed carbon in the 
coal, relates to the ignition temperature required to bum coal, 

TABLE 1-3 



; Fuel • 

« • 

Fixed carbon 
. Bituminous coal 

Semibituminous coal 

Anthracite _ 
Hydrogen ( . , 
Sulfur 
Kerosene 
Gasoline 



Ignition Temperature °C - 



407 * * 
466 / 
449 - 602 
574 - 591 
243 

754 -^293 
260*-, 427 



If" 



ERJC 



Adapted from: The Babcbek 6 Wilcox Co., 1972. Steam <~- its Generation and Use , * 
/ — NeTv York;, 6-6. • . 

f r* .... .. ."-..„<•. _ ■ 



r 



Using ^ words listed below, complete the following paragraphs 

• , v. ^ 

peat 



% 



0 



compressed 
Carboniferous Period 
* 4 • fossils 

bituminous coal 
*f % anthrcftite 
% lignite 



Coal was formed millions of years dgb irKthe 



plants looked like then because we find impressions of them in 
Over the years the weight of the earth „ 



We know what the 
: ! todfcy. 



the l|yers of dead plants* 



Our most plentiful fuel source in the United States is 



is an excellent source of heat for homes/but there is not much of it 



is smoky when it l?urns and has a low heat content 



of the world. 



."t 



which is not really considered coal, is used for fuel in some countries 

✓ p 

j ir' 



m. 



7" 



CMC 
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•Word liat for Uefinitiona and spelling. 



\ 



I. Anthracite 

a 

2* bituminous 
' <v3. Carboniferous 
4* Coal seams 

5. ' Coal reserve 

6. Coal veins 
7- Lignite 

8. Metamorphism 
. s 9. Peat 

10. Sedimentary rock * 

II, stratification 
12. Subbituminous 
13>Volatile 

I 




o 
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V 

•>i, ,isc»4^ ^it >ie:uental ouu^eax i J roj*ou3 \ * ^ 



1. " ovuaeatu rr.ay oollaec ..lacerialii on coal, coal m.^r:, coal, 

^raiivjoort^it.xon coal axes, 3 cc. :;o :aak0 a uulletia ooard. 

* » 

2. .ituuent3 ..iay a ra \V eartoo ns or oc.i^r •iaisonax ^y?e ura\vxa.;s 
' <i:u laaei cation rf d?icxi.i : ; theme of coal ^roauou i,o;i 

ore:ior,.; K'oaacoiou U3L; 0 Qoai hs it ralataa.xo 
aiiW.ro. aen c.l aouae. 

/otaae^tj/.'iav .vnca a ji.ort )oern or rerae -lavelo >iV. - the 
-.^or, ox/ coal. 

4. .itudrfato' .aay ./rite' a si. i >le ^llaa.to oaji ; ;: jit a gtriii:;; or 
. iiWcri;.uaCd.l arr.-.a.^.'ioats uallx.. 0 iiw..3Wr; oi coal. 

3. ..a/a ,;tau;:,vd ii.'.-. ..i-.:.i>xe.-i oij*o,-ix i/u^^rva •;.--> 

^ aacaraai;,?, .,i varaiao.io , I JHJife , >e«.tG , ^cc. ; ♦ :.ake oc.-er 
o nervations *a atuaouts ae ^flp xihen. (upen ^riuad) 

7 « * 

6. AjL^jut.i coulu ao research iauo cue sulxur co.vnent of 
pefcroleun, aauaral ^as ana coal. 

7» Make a^iine ^raph jyhich will snow the ranks ox* coal used 
tQ make electricity. (i)ata on next page) 

•v. . 

» 

, S. 'j)race all of the energy changes that tdke place from zhe v 
uirne coal begins go form until ener^ is prodaoed in a" ■ 
li^it bulb -in your home, (see list of axaiaplas of ener;:y "■ 
bnaH^res) 
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o.ie cat) aata u ive.-i in-uu: x'ollo.vla^ table to make a line 
c;rapn. M:oz tine on the horizontal axis and fuel )rowuctlori 
on tiie vertical a«i.j.' Jhe fuel prouuccion 13 re;>orc<ia iii 
T;noaaana3 of aiwii^o.i.} coal oqui vaient" corn . Plotor.e 
line x'or each *uel.. Jtuay the energy oroauccion from the 
six sources of energy to determine the increase or 
viecreaje of the energy supplies. 

Data: 

U.S'. PRODUCTION OF MINERAL RJliLS AND ELECTRICITY 
FJ*QM WATER AND NUCLEAR POWER, 1920-1970 " 



* Year 


Bituminous 
Lignite 


iUl till ilLl 

Coal 


Petroleum 


Aaturai 
Gas 


waxer 
Powcc 


1 '■ 1 r 1 

i\uciOc*r 
Power 


•1920 


568,667 


86,370 


9S,053 


33,702 " ' 


28,168 




X ^ 4- *j 


on nr7 

V 


59,924 


169,084 


50,153 


s 

25,496 

• 




1930 


467, .526 
t 


67,252 


198,773 


81,985 


28,702 




1955. 


372,373 


50,572. 


220,610 >' 


81,527 


30,763 






/I AO 77 'J 


;|Q 07,1 


■inrt con 


11^,702 


33,588, 




104 ^ 


C7*7. 7 






1 AO Ql 7 

loo ,ol / 


55,038 






510,311 


■ . — , — ^ 


1 36 , 984 


261 107 






1955* 


164,634 


25,582 


54 9 i 992 


389,466 


55,229 




I960 

X 


415,512 


18,245 


:. 570,069 


527,586 


65,755 


208 

* 


i ■ 

1965 


' bS,o$s 


. 14,870 


yf 

626,672' 


694,414 


'80,999 


1,495 


1970 . 


602,932 


9,928 


794,695 


970,820 


105,707 


9,204 



I 



Adapted from: National Coal Association, 1972, Uituminous Coal Pacts 1972 , 
^Washington, D.C., 55. 



UtJin^ the energy changes below examples, trace klfUof 
the energy chantey that take olnce from the tine coal 
oeoina to i'orm until the energy is oroduceu aa li 0 ht i:i "la 
ii j\t oulb La your nome. 

i 



i J 



v 



/ 



explosions 
dry call 

bomb 















ncandoacence 


hoat to 


light 


ttoam turbine 


heat 


mechanica 


her mocouple- ' 


1 heat f 


electrical 


>hotosynthesis 


radiant 


chemigal 


ibsorptfoo 


Hghf 


heat > 


jadiometer 


light 


mechanical 


lolar battery 


light 


electrical 


photography 


light 


chemical 


: nction , " 


mechanical 


heat 


Mint on stfcol 


mechanical 


light 


hand magneto 


mechanical 


electrical 








toaster or iron 


electrical 


heat 


neon lamp 


electrical 


light 


elect, motor 


.electrical „ 


mechanical 


eiectropiatfhg - 


electrical 


chemical 


combustion 


chemical 


heal 


comoustion 


chemical 


light ■ 



chemical 
chemical 

nuclear 



>ower plant nuclear 



mechamcal 
eiectncai 

Heat 
light 

mechanical 
electrical 



I 

r 



TtlE NASHVILLE BAN NEIL f*U»f* * 1981 




•It's the kind of day that makes you wish you had a solar 
heating system on the house." 




■NlftOY BUI-LBTIN BOARD IDBAS 

Snoopy 's "SavEncrgy" slogan is the new symbol for the Government's national energy conservation 
campaign. Use Snoopy or our mini car "with its pie graph wheels depicting^energy sources and energy 
uses on yo\jr bulletin board to start a Save Energy campaign among students. 





sav©nergy 
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CQALl MINING/ TRANSPORTATION, SAFETY 



I . How l*-~coal ml nod t ' 

A* Surface Mining 

1. Area mining \ 

2. Contour mining 



B. Underground mining 
X« Typos 

a« Shaft mi no* 

b. Slopo ml no* 

c. Drift ml noo 

2« Syotomo of underground mining 
o. Room-end-Pillow System 
b. Tbo Longwall Syotom 

C« Brooking down the leal 

l« Undercutting 

2« Crooking tho cool woil s 

3« Continuous oool mining neohines 

4« Puoh-button mining 

r 

* 

D • Processing tbo oool 

1* Hsu ling tho oool out of tho mi no 

2* Siting the cool 

3. Cleaning end grading the oool 



II, How Is coal transported T 

A* Shipping 

1. Railroad 
2; - Barge 
3« Trucks 




B» Storing 

o • < 

III. Mine safety mtaauros 

A* The Miner's Clothing 

B. Protection against gases, coal dust explosions, and other 
i ? hassrda 

C. Draining the mine 

ti* Safety education . . % 

't 

S • Government, *ogu lat 1 on 
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Goal I 

Students will gain an understanding of how coal la mined, transported, 
and ragulatad by the government • 

• ... 
Ob j act 1 vast 

Upon coaptation of tha raading And aotivitiaa and whan aakad to 

diagram, daaonatrata, or raapond aithar orally or on a writ ton taat. atudanta 

Willi 



1. naaa and distinguish batvaan tha two ganaral nathods uaad to ndna 
coal* 

2* describe tha two methods uaad by strip miners in raaaving coal 
from tha earth* 

3. explain haw strip miners raclaiaa tha land* 

4* naaa and dascrlba or akatch tha threa groups of mines used in 
underground mining* 

V 

5. describe the two as in system of underground mining* 

6. toll what type of machinery is used in removing ceal from the earth* 

7. describe the type of clothing worn by miners* 

8* explain how the coal* Is processed aften- it is removed from the 
earth* 

9* tell how the coal Is transported from tha mine* 
10* tell what countries and states produce and mine coal* 
11* point out some of the problems involved in coal mining* 



) 
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COMPtCHENSION QUESTIONS 



J 



What are the chief type* of coal dImi, and how do they differ? 
On what beaes ara strip mines claasif lad? 

On what baaes ara underground mi nee divided into three main groups T 
Describe the two wain systems of underground mining* 

Name and give the function of the types of underground' mining equipment* 

What la the principal means of transporting coal in the United States? 
what ere the chief safety precautions which must be takejQ^ coal mi nest 
Explain how strip~mined land la reclaimed* 

List and explain the most important stste end federal laws governing 
the mining industry* 

What are the four largest coal mining countriee ef the world? 

Whet ara the tan leading coal producing atates In the United States? 

How much coal is mined each year in the United States? 

Hew long may the coal reeourcee of the United States be expected to last? 

What are soxm of the research developments of the coal industry? 



INVESTIGATIONS 



Conduct * field trip to a strip ulna or deep wine. 

Have students raasaroh such topics asi 

Coal Products 

Black Lung Oisaasa 

Coal Mlnning Methods 

How Coal Helps to Make Electricity 

Different Kinds of Coal 

How Coal is Used 

How Coal Pollutes f\ 
Conservation of Coal 



Have students prepare a bulletin board containing pictures and information 
about coal* 



Have students collect newspaper clippings on current developments 
about 'coal* 

Invite resource people 
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and 



ACTIVITIES 
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HOW COAL IS MX NED 



There are bealeally tut typee of coal aim, strip or surfsce minee 
and underground «r d««p «lnit* XI* type of aim depends prl eerily upon 
the reletlonshlp of ttto coal bod to tho surfsce* Strip mining con be 
corriod on to o dopth of 100 to 200 foot* When tho cool eesas Ho 
' ^deeper than 200 foot bonooth the surface or when thoy run deep into tho 
eerth free on outcrop on a hillelde, underground aining io conducted. 

Moot strip elnea follow tho ooao baaio stens to produco coal* 
Minora operating giant power shovels strjp away tho oarth ond rock, or 
overburden, *thet Ilea above the cool. Then bleetera, using apeciel 
explosive* any brook tho coal seea Into aaall pieces. Finally, Sasller 

J shovels acoop up the ooal and load it onto trucks which haul It away 
froa the nine* 



Although aost strip ainea fellow tho ooas baaio atopa, atrip- 
nining aethedo vary according to whether the land is fist or hilly* 
Strip aining can thus bo c leased as either area .aining or contour 
aining. Area aining la practiced where the lend is relat^Jjtaly levol. 
Contour aining Is practiced in hilly or aountsinou It 
Involves aining on the contour— that la, around sloj 

Once the coal has been removed froa tho ground, /the land is 
recUlaod* Soaetlaos old strip alnos bacons ferns, ^recreation areas, 

• * 

•postures, resident lei areas, or shopping centers* 

m 

' under around Mining ! Depending upon the way in which the coal 
sesa is approached, underground alnos are either drift, slops, or 
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ehaft mines*. Each type of b1m.U beet aulted to. removing the coal 
from a particular typa of coal bad* In a-ajaft mine, the entrance and 
exit paaaagaa ara vertical* In a slope mi aS, thay ara dug on a slant* 
In a drift mine, the paaaagaa ara dug Into tha alda of a coal bad 
axpoaad on a alopa* * 

m 

Two main aystams of underground mining ara uaedt tha room-and- 
pillov system and tha longwall system. Each system haa lta own sat of 
mining tachnlquaa* Either system may ba uaad In a shaft, alopa, or * 
drift mlna* Tha room-and-pl 1 ler ayatam la mora common In tha United 
Stataa ba causa tha coal •earns, aapaclally bituminous seams, ara of 
unusual thlcknasa* tha longwall method) la uaad In European mines* 

In tha room-and-pl 1 low ayatam, pillars of coal are left standing 

to provide support to the roof or overburden of the rooms from which 

t 

the coal has been removed. Af^ter the mine face has been advanced aa 
far as planned, the miners work backward, ois retreat, withdrawing the 
standing sections, which are called pillars, and allowing the roef to 
collapae behind them* 

In the longwall aystem, almost all of the coal is removed from 
the working surface or face, and, the area .that has beam mined is filled 
in mechanically with rock or sand* 



I 

J 

I 



ACTIVITY 



Lsbal ttM foUowlns; kinds of mints as drift, shaft, or slops 
Lsbsl ths indicated part of saoh wins. 



would moo* sj sg f — *• 




I 
I 
I 



B 






■4 

L ' - 






W ; 
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Kinds of Underground Mlnsst 
Mlns A. 1 

Psrtst 

I. . 



2* 
3* 



I 
I 



>Mins C. _ 
Parts i 



t ■ 



Mint B* 
Parts I) 
1. m 
2. 



i 



ItoMtfUJMJteBBUaai flMl* are^meny methoda of breaking coal 

from the mine face in -lumps suitable for hauling to tho surface of; the 
mine* A few are listed bo low* 

/ 

1* Undercutting- Tho proceaa of cutting /out tho aiino face ot tho 

bottom of tho cool bod oo tho cool con bo 
shattered more ooolly by oxp loo tiros* 

N 

2. Crooking tho Cool Wall- tho procooo of drilling ohot holes 

ot intorvoU olong tho fooo of tho cool bod* 
& Bxploeivee oro lnoortod In thooo holoo and when 
oot off* crooks tho cool wall into 'places. 

3* Continuous Cpai-Minlng Machines*- A maohlne that con cut tho 
, cool loooo ond lood It in on* oporotlon* 

4* Push-button Minor- A alitor with electronic remote controls 

can sand a boring-typo mi ning machine 1,000 feet 
undor tho ground while ho (tho operator) stays 
- on tho surfaco* 



Processing tho Coal . As tho coal is mined, tracks oro laid in tho 
main heulageway* Cars loadod with coal ara pullod ovor thoso tracks by 
small but vary powerful- aloctric looomooivea* An lncroaalng number of 
mines uso conveyor bolts or shuttlo cars t* carpy tho coal to tho 
aurfaco tjo b% cloanad boforo.lt ia ahippad to buyors* 

Mining companl aa clean ooal in apacially designed praparation plants* 
Tha plants uaa a variaty of machines and othor equipment ta remove tho 
impurltlas from coal* ^ 

Tho raw ooal la sorted Initially in tho plant by a tilted vibrating 
acreen that has sections with different slsod holes through which tho 
coal falls* More sorting according to also and grade occur* during 
subsequent cleaning and •eparatlng operations* Ssoh batch of aorted' 
coal la piped into a separata washltig device* where it \* mixed with 
water* The devices separate the impurities by meana of specific 
gravity. The heaviest pieces, those containing tho largest amounts of 



♦ 
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ACTIVITY 



Nam the step* in the prooiialRg of coal by labeling the diegraa. 





'iQt t ". ■■ .'St**-'-- 



./ 



Explain what la happening in each of the aajor oompartnents as the coal 
through* 



peases 
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inpuritiaa, drop Into a rafuaa bin. Waahing r.movaa auch of ti^ aah fro* 
tha coal, but ttto organ J c aulfur la so cloaaly bound to tha carbon that 
only umU aaounta pan ba \raamd« 

Tha Whins ladvat tha coal dripping vat. If thia mxvmm noistura 
!• not ranmd, tha haating Talua of tha coal will ba graatly raducad. 
Praparation plant, una variotta dartcaa, auch a* a vibrator or hot-air 
Mow, to dry ooal aftar it la waahad* 

In ita natural atata, ooal ia claaaif lad by rank, which dapanda on 
J 1U cwrbon *** *•» contant, tha ami* of volatila, or gaaay, nattar 
and aoiatura it contain, and ita haat valua. Aa aold in tha aarkat. 
ooal ia claaaif lad by grade, which dapanda on ita rank and auch othar 
charaotariatioa aa tha aisa of tha luapa and on apodal traataant 
which tha coal baa racaivad. Tha grada of coal la iaportant to cuatoaara, * 
for it aaana that tha ooal will aaat cartain atandarda. 
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MIME SAFITY MEASURES 




For tholr aafoty, alnors auat woar apodal clothing. Hoavy-duty 
ovoralla, hoa*y stool-tlppod shoos and hard hots aako up tho bulk of 
thoirtgoar. To koop tho pout logs from gottlng caught In any atchinory* 
atraps aro worn around tho loga of tho overalls. A battory-poworod 
l«ap ia worn on tho hat. Tho battory la attachod to tho bolt and a 
cord runs froa tho battory' to tho laap. A solf-roscuor la also 
atrappod to tho bolt. It prowldoa air for a alitor In caso N of air 
contamination or loaa. 

* 

» 

\ Precautions aust bo takon In mi no a to dotoct and control aathano 
gas, which is highly oxploaivo. MlnOs aro roqulrad to taat tho aathano 
lovol with an oloctrlcal asthano*dotocting dovico. Mothana can bo 
cloarod out of alnoa with hugo vantilating iy stoat. Thoso systoas 
aro uaod to ollalnato othor gasoa alao. 



+ 



ACTIVITY 



Draw an arrow to ihow when each piece of the miner'* equipment la located. 



a teel tipped boota 
•elf-rescuer 
methane monitor 
anjde straps 
hard hat 
lamp 



4 




Match the words on the left with th^proper explanation on the right 



plani 



lamp 

self-rescuer 
steel tipped boots 
methane monitor 
hard hat 
ankle strap* 



checks air quality in the mine 
allows miner to tee better underground, 
protects miner from dropped hand tools 
prevents clothing from being caught in machines 
provides fresh air in case of an emergency 
protects miner from falling rocks 
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HOW COAL IS TRANSPORTED 



Moat coal shipments within a country ara carried by rally bargo. 



or truck* In many cases, a particular shipment oust travel by two or 

* 

all thraa of thaaa man* to roach- tha buyer* 

Special tralna called unit trains taka coal d tract iy'froa tha 
mine to uaera, with no atopa in between* Unit tralna halp speed long* 



Barges provide tha chaapaat way of shipping coal within a country, 
but thay can oparata only batwaan river or coastal porta* Trucks ara 
tha laaat costly means of moving email ahipmenta of coal short distances 



An underground pipeline Is usad in sons casas to carry coal from 
a aina to a powar plant* Tha coal la crushed and aixod with watar to 
form a slurry (soupy substance) that can be puaped through the pipeline* 
In soaa caeea, however, pipelines sre sore' costly snd less efficient than 
the traditional aathoda of shipping coal* 

Storing * Most large consuaars of coal try to keep a supply of 
coal on hand which will last several months beyond their lamed late 
requirements* Sometimes eoal is stored In the open, and sometimes in 
bins* Anthracite and bituminous coal may be kept for long periods of 
time without losing their heating or power values* Subbltuminous coal 
must be stored or piled carefully to protect it from weather, and 
lignite cannot be stored long because it drlea out. 
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Proper ventilation removes much of the coal dust fro* the z\r in 
the mine* This du^t can cause a dUtui of the lung* or «n explosion* 
To furthor preWnt or control dust, federal lav requires that underground 
mines bo rockdusted. In thU process* the miner* spray powered line* 
stone on air/ exposed surfaces In the mine entries. The Uses tone 
dilutes the coal dust and so lessons the chance of an explosion. Mines 
use water sprays to hold down the dust along a face that is being mined* 

Mines that are located below surface or under subterranean streams 
are flooded with large quantities Of water which must be pumped out 
constantly* When this water is pumped from the mine, it may pollute 
nearby streams and; water supplies* The United Stetes Bureau of Mines 
conducts a research program to solve this problem* 

Coal mining today is safer than ever before* Some of the improvements 
have resulted from the development of improved ssfety devices* but safety 
education has also played an Important pert* Sefety directors meet 
regularly with employee groups* posters ere placed st various locations 
about the mine to warn the workers* and associations aid* in safety work 
and instruction of miners* 

The United States Bureau of Mines founded in 1910 .and the Federal 
Coal Mine Health and Safety act of 1969* regulate the safety standards 
of mines* 



STUDY QUESTIONS OR QUIZ 



A* VOCABULARY* Def ine, then writ* a eentence In which you us* correctly 



•trip ainlng 
underground mining 
overburden 
•poi la 
•heft Bins 



each of the following word* or terme* 

drift nin*^ ' 

V 

• elope mint 

•lurry 
reoleln 
. run-of-min* 



%• TRUE or FALSI i Determine whether *eoh of the following sentence* is 

true or false* y 




I* Anthracite, bitunlnoua, end lignit* ney b* k*pt for long p*rioda of 
tin* without losing their heating or power valueo* 

2* Underground minjLng require more ml bars than do** aurfac* mln 

3* *Min* work requirea little or no education* % 

4* The United State* la the world 9 * loading coal exporter* 

5% Strip mln** produce about 60 per cent of the coal mined in the United 
Statea* 

6* All induatriee ere likaly to b* seriously affected if anything interrupt* 
the steady flow of coal from th* mines* 

7* Both strip and underground mining are done .with the earn* tools* 

8* For every ton of ceal dug, about 10 tone of water are pumped out of a 
mine* 



Coal 



la 



Ipped in pipeline* in a aoupy mixture called a lurry* 



10* Vest Virginia, Kentuoky, and Penney lvanla aupply about 60 per cent 
ef the bituminous coal in the country* 



C. HULTIFLI CHOICE I Chooss on* word or phrase that correctly 

completes sseh of tbs following »ont 

1* Minora usually uaa ( shaft, strip, underground) mining when tha coal * 
beds lla close to tha surface of tha earth* 

2* .'Tha law requires mlna owners In tha United Statoa to ( reclaim, ' 
save, Ignite) all tha land they use for strip nlnlng* 

3, As of 1 1976, tha leading coal Mining country was (tha United States, \ 
Russia, China)* « 

4* In ( shaft,' slope, drift) nines, the entrance snd exist passages. arc 
vertical* 

5* In its natural atate (nines, coal, safety equipment) is classified 
by rank, 

6, Underground coal nines contain coal deposits (100, 200, 300) foot 
* within the earth* s surface* 

7. The layer of earth and rook that covers the coal seen Is called 
.(a shaft, a slope, the overburden)* , 

6* Coal la generally shipped, long distances by (train, trucks, barge)* 

9, (Shaft, Strip, Slope) mining la fast and efficient* 

10* The (longwall, room-end -pi liar, shaft) system is used in most of 
the underground mines of^the United Statea* 

D* HOW and VKYi 

1, What are the chief safety precautions, which must be taken in mining 
ooelt . , 

2# ^xplain how impurities ere removed from coal* 

3. What are soma of the major problems of the coal industry? 

4* What are some of the job opportunities sval labia in the mining industry? 

3* What are aome of the reeeerch developments of the coal industry? 

••• • . • • . ■ • 



\ . 53 



/ 



ADDITIONAL ACTIVITIES 



'V 




Concepts 



Major 
ierstanding 



Overview 



Student 
ectives 



> | Time 
Allotment 



Materials 



COAL PACTS s COSTS AND BENEFITS 



Coal could be one of the major sources of short 
term increases in the supply of energy. Even 
under the most conservative estimates, thejJJ.S. 
has enough economically recoverable coal W last 
well into the twenty-first century. However, 
the environmental, economic .and social costs of 
coal production are high. The students examine 
the costs and benefits involved in various 
policies concerning "the changes in^the present 
production of coal. 

Costs & Benefits 
Policy 

*■ • 

The supply of energy can be increased in the 
short run in the united States by developing 
and increasing tl>e use of coal, but this will 
involve investment and tradeoffs. 

The students should be able to: 

1. Evaluate some of the costs and benefits 
of increased coal production. 

2. Develop and evaluate a policy position 
on the development of coal reserves. 



One-two class periods 
"The Coal j * Facts" 
"Coal: The Costs and Benefits" 



,"The President's Cabinet" 



Procedures . 
ACTIVITY 1 

Introduce the students to the 
idea of costs and benefits. 

Remind the students of the 
shortage exercise in Lesson 
1. Oil could not be delivered. 
Assume that the community 
decides to close down the 
Schools. v 



Commentary 
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Hop Tten Owners df Goal 
ngfcerveo in U.S. (1975) 

GontinenUU: Oil 

Burlington Northern 

Union Pacific 

Peabody Goal 

fbocnn (Carter Oil) 



1. 
2. 
3. 
4. 

5. 

< 

6. 



AMAX (20.6% Standard 
Oil of California) 



7. North American Coal 

8. Occidental Petroleum 

9. U.S. Steel 
10. Kerr McGee 



A 



The U.S. has over 390 billion tons of coal recoverable at today's prices. 
This coal may contain more than 5 times the energy in Middle Eastern Oil 
Reserves . . 

» ■ V J . 



Developing coal takes both 
time and money. Opening 
a surface mine takes 3 to 
5 years. Underground mines 
may take "5-7 years to 
develop. It costs 20-30 
million dollars to open a 
new surface mine; -40-60 
million dollars for a new 
deep mine. 



I MIC* tlW [ 




Miners make between $14,000 

5t> 



and $20,000 a year 



Top Ten Coal Companies in U.S. 

(1974) 



1. Peabody Coal Co. 

2. Consolidated Coal Co. 

3. Island Creek Coal Co. 
4: Amax Coal Co. 

5. The Pitts ton Co. 

6. The U.S. Steel Corp. 

7. Arch Mineral Corp. 
Bethlehem Mines Corp. 
N. American •Coal Corp. 



9 
10 



Peter Kewit Sons Mining 

.Division. 5 ' V 
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THE COAL FACTS 



Number of Mine 
in the United 


Workers 
States 

• 


Underground. 




Miners 


123,000 V 

/ 


Strip Miners 


44,000 


Related jobs 


/ 


in the mines 


^7,000 


TOTAL 


$84,000 




■ " ■' ""^ 



i 



I 



Jobs Needed to Produce Coal 



miners 

drill operators 
cutting machine operators 
locomotive operators 
loading pachine operator b 
el ectr icjians 
lubricaf ing specialists 
masons 
pi pef i titers 
repairmen 



power shovel operators 

roof bolter operators 

t i ppl e machinery operators 

carpenters 

construction workers 
explosives handl ers 
machine- tool opera tors 
mechanics 
pi umbers 

truck & tractor^mechanics 




Heat and poressure^applied in the 
right way can convert a 4 pound 
piece of coal into about 1 quUrt 
of synthetic crude oil or about 
32 cubic feet of synthetic gas* 
Aese are very expensive products 



47% of the electricity 
! used in the U.S. comes 
from coal . •■ t 
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THE .COAL FACTS 




Distribution of United States Coal Resources 



Co*si ftnovtnce 




8<tumtfK>u* Coal 
Subbiluntmous Goal 
Ltgrwo 



Eastern Province 



Source B.ire »u ot l^a Management*'! Eoyirorwenial impact Statement PioposeU 



Underground mining is 
a dirty and sometimes 
dangerous job. There 
are more job related 
-accidents in coal min- 
ing thari any other 
indujttry in the U.S. 



The burning of coal 
can prod-uce sulfur 
and nitrogen oxides, 
soot, and ash. De- 
ponding on the type 
of coal that is 
burned, those pol- 
lutants can produce 
mild or severe damage 
to the environment 
and to people . 



Surface Mining can 
hurt the natural 
environment. Aa 
the coal is stripped 
away, so is much of 
the topsoi.1. Laws 
requiring reclamation 
of land do help. 
This is not always 
possible. Large 
amounts of water are 
needed and water is 
often in short sup- 
ply. Reclamation 
adds to the cost of 
coal production. 



\ 



The use of strip mining as a 
coal is increasing. In 1960, 
strip mined. By. 197.0* about 
strip mined. 



means of getting' at 

25% of the coal was 
half of! the _coal was 
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THE COAL FACTS 




Number of Nino 
in the United 
(1976) 


- 

Workers 
States 


Underground 




Miners 


123,000 


Strip Miners 


44,000 


Related jobs 




in the mines 


17,000 


TOTAL 


184,000 


* 



*The following products come from coal: 
steal .nylon plastic 

i 

per t ume aluminum paint 

dye aspirin detergent ^ 



insectici 



drugs 



rabbet 



motor fuel 



food preservatives 
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Jobs Needed to Produce Coal 



minors 

drilj operators 

cutting machine operators 

1 ocomoti ve operators 

loading machine opera tors. 

el ect r icians 

1 ubricating specialists 

masons 

pi pef itters 

repai rmen 



6^- 



power shov&tryoperators 
it oof bol tor operators 
tipple machinery operators 
car penters 

construction workers 
ex pi os ives handl ers * 
machine-tool operators 
mechan i cs » 
plumbers 

t r uck jf tractor mec^anirom - 



Heat and pressure applied in the 
right way can convert a 4 pound 

* piece of coal into about 1 quart 
of synthetic crude oil or about 
32 cubic feet of synthetic gas. 

* These are very expensive products 



J7X of the electricity 
used in the U.S. comes 
from coal. 
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COAX PACTS 

LKAOINQ COAL-MltflM 114X18 

Tons of CMl Mined 1a 1969 



Vest Virgin!* 

141,090,000 tow 

Kentucky 

109,100,000 ton* 

Pennsylvania 

89,100,000 ton* 

Illinois 

64,700,000 tons 



Virginia 

33,6000,000 tons 

Indians 

.20,100,000 tons 



4 

Alabeas 



Ohio 



^17,300,000 tons 

Tsnnassss 

8,100,000 tons 

Colorado 

5,300,000 tons 



31,200,. 000 tons 



Rossis 



LEADING COAL-MI NINC COUNTRIES 

Tons of coal alnsd In l$69 

670,204,000 tons 



Garaany (Wsst) 

242,307,000 tons 



Unltad Ststos 

370,978,000 tons 



Polsnd 



181,971,000 tons 



China 



364,000,000 tons 



Garnsny (Cast) 

274,476,000 tons 



Crsst Br it sin 

168,621,000 tons 

Csechoslovakis 

117,442,000 tons 



India 



83,247,000 tons 



Australia 



76,433,000 tons 



(Fron Chs World Boos Encyclopedia) 
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The CheapesfVV&y to 
Heat Ymr House 



FUEL COST COMPARISON 



ASSUMPTIONS. 

HmutM Ga»-Tn*tro- 100.000 fitu 
-100 cult 
75% Efficiency 
f/MBtu- 15 55* 
t/therm 

Futi Oil - 151.000 Btu/galloo 
*5% Efficiency 
t/MDtu- IU5 > 
1/ gallon 

LP Cm- 95.000 B<u/t*Uoo 
75% Efficiency 
f/Su»-J4 54i 
f.pHon 

tlrctncny - Ml* Ihu'luvh 
(Aettttance) 100% Efficiency 

*/M&tu*t*5» t/Jt%»h 

Mixed Hardwoodi- 14 Btu/cofd 

W% Efficiency 
$/M»tu-|/co«l 
W 

Mixed Softwood*- 15 MBtu/cord 
50% Efficiency 
|/MBty*|/cord 
- 7.5 

Co*J-II500Btu/tb 
60% Efficiency 
f/Mltu-l'ion + I) 



JO 



60 



HEATING EQUIVALENT COST J/MBtu 

S10 $12 $14 $16 $18 



AO 



* AO 



10 



r 

60 



I I 
1 I ' I ' I 



T 



T 



.40 .70 JO 

NATURAL GAS S/THERM 



I I 1 I 

.50 \M MO 



I 



T 



./o 



I f I 1 I ' 1 1 I 1 I 1 I I 11 , 

JO JO 1.00 1.10 U0 1.30 1.40 1.50 1.60 

FUEL OIL $/ GALLON 



iot 



' I ' i 1 

120 140 

COAL I/TON 



1 

1(0 



• I » 

- 110 



200 



I 

.60 



I 

.90 



1 : i 

1.00 



1.20 

LP GAS 5 /GALLON 



I r I 

1.40 1^0 



1 

uo 



10 



T" 



I ' 1 

100 170 

MIXED HARDWOODS $/C0RD 



H — r 

M0 , 



1 r 

160 



T" 

ISO 



200 



60 



I 

10 



T 



i 

100 



120 



r 

140 



MIXED SOFTWOODS S/C0RD 



"T 

$6 



$8 



$10 



I 

$12 



$14 



$16 



$18 



$20 



$22 



2,00 2.20 



160 



i)3 J04 05 .06 ,0* 

I ELECTRICITY VKIL0WATT HOUR 



$20 



$22 



v WOMAN'S DAY 10/14/80 



COAL FACTS 



Com \ rr^lucH- In thm UiOto* Um*~ 11»k« ItOO* 




» U.S. t»p« rt — — » 







M*tft< 


uoo 


101000 


97.9f0 


1S1 o 


i7t.ooo 


161,300 


1«20 


334.000 


303.000 


1150 


••1,000 


/99.J00 


1140 


2.474.000 


2244.400 


1S30 


$.336,000 


7,3t0.400 


1«60 


20.041.000 


1f.lt0.V00 


1S70 


40,429.000 




uto 


/9.407.000 


72.O36.tO0 


1S90 


137.771.000 


143.127.400 


1900 


269.Af4.000 


244.633.200 


4910 


501.394.000 


433,040.200 


1920 


6 3f. 263,000 


3V7J67.V00 


IV 30 


336.91 1.000 


4*7,077.400 


1940 


312.256.000 


464.7 10.S00 


1930 


360.38t.OO0 


JOt,37 3.400 


I960 


4 34.330.000 


394.017,500 


1970 


*1>.6AJ 000 


333.796.700 


1974 


6^.913.000 


6?O42.600 




COAL* THE COSTS AND BENEFITS 



the n'aarU^.'* """^ •° me ■ a J° f *K*«ions about energy for 

iTaSSSj^SS^ ^ ert " ?° int ° Ut that the demand ^enorgy 

growing ta star than the supply* of energy. This «i-»T-r,if^„ " 
energy will create serious profclema rgy- inls 8C »roity of 

wS°to h Snnr^K M J**«* "to the President. The President * 
want* tp know if the n/tion should increase ita production 'of coal. 



the^L?^^ 5 oci8 i 6n ' the President must know what are some of 
the benefit, and somZ of the costs of increased coal production? 

Examine the data on /the Coal Facts sheet. - # 



tiat coI?s a^d b^ff^ Ve ^? e 5 it8 ° f COal Paction, ^member 
in the n^mbS n^?^ */ nC ^ Ude n0t ° nly «™*Y'but also changes 
condi^ion^ 3 ' £0rGign relat i^3, working and living 



Benefits of Increased 
coal production " 

X. 

2. - 
•3. 

4. . , f . 
5. 




Coats of increased 
coal production '. 



•Look back at the costs and benfits that you haye x listed, 
benefit!** *? f ° r8 th * mQSt * erious cost *» d ™V important 
On. what basis did you make tha^ decision? 
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M — Coal and Natural Qaa Supply Utottmaa 

•students apply tho grapfT methods of analysis em- 

i toyed in determining the lifetime of United States suph 
fes of oil todetermine the lifetimes of two other fossil 
Wis: naturw\gas and coal. 

i Relate oil to other fossil fuels. 

■ Begin with a discussion, of why oil is called a fossil 

■ fuel. 

'Are there other fossil fuels, those materials formed 
thousands of years ago by the decay of plants and 
animals and the pressure of subsequent layers of 
rock and earth, which release their stored ^norgy 
when burned?" . 

Identify natural gas and coal as the other fossil fuels- 
Organize student investigation of lifetimes of other 
fossil fuels. 

"Are the United States supplies of natural gas and 
, coal also running out? Will we have enough of these 
fuels to meet future demand? Let's find out." 
□ Divide the dass Into three groups. Assign two - 
groups the task of determining estimates of the., 
lifetime of our supplies of natural gas and one 
group the task for coal. One of thq4M> groups for 
natural gas will examine future supplies with a 
future consumption rate equal to the rate for 
1 970- 1 974, the other will study the supply lifetime 
with a more realistic consumption rate* , 

Note: The lifetime estimates' for coaJ greatly ex- 
ceed those for oil and natural gas; The demand for 
coal has not increased in the p^st 30 years due to 
the increased use of the oil and natural gas alter- 
natives. Thys. an increasing consumption situa- 
tion hastnot been presented, since projections so 
far into the future might be misleading. 

Distribute copies Of the task sheets and graphs 
(enclosed) to each student in these respective 
groups. Answer sheets are also enclosed. 

£llow approximately one period for students to 
complete the tasks specified on the sheets. Circu- 
• late through the plassroofn to determine if stu-> 
dents are able to proceed through the tasks by 
examining their responses to tasks ,,1-3. These 
tasks cover the more elementary graph interpreta- 
tion skills. An answer sheet is enclosed. 

1/ The long lifetimes for coal may require students to 
.attaclj) additional sheets to their graphs, if the 
same graph procedures are employed. An alter- 
native arithmetic method is suggested on the task 
sheet for the constant consumption projection. 

— Fossil Fuel Lifetimes 

fhe objectives ,of this day's activities are to sum-' 
arize the results of the students' Investigations of the 

I times of natural gas, coal, and oil and draw condu- 
ns concerning the finite nature of our fossil fuel re- 
ources as well as the likelihood of future shortages. 

r 
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1 . ftecord summary statement of fossii fuel lifetime^ on 
a chart. Construct on the blackboard a ta w <e similar to 
the following: 

United Stem Oil Suppllo* 



I 
I 
1 
I 
I 

I 
I 
I 
I 
I 
I 

I 
I 
I 



Future 
Consumption 

< 


r 

1 . Low Estlmata 
(r*«*rva«( 

1X2 billion 
barrals 

i 


2. M'cn Estimate 
(ulttmataly 
ntcouarabJa) 
502 billion 
barrai* 


A. Constant <doaa 
not IncrtMt) 

■-- » 






B«' Incraaaas (it 
• in past 30 


ti 




United States Natural Gto Supplies 


Future 
Consumption 


1. Low Estlmata 
(rasarvas) 

290 trillion 
cubic faat 


2. High Estlmata 
(ultimately 
racovarabla) 

2,390 trillion 
x cubic faat 


A. Constant (doas 
not incraasa) 


/• 




B. Incraasa* <a* 
in past 30 
yaars) v 






United States Coal Supp 


lies % 


t Futurf 

Consumption „■ 

»■ 

i j i . - „ 


1. Low Estlmata • 
(rasarvas) 

150 billion 
tons 

• ■ . " 1 


' - * L 

2., High, Estimnto 
(Uitimataly 
recovarobta) ■ 
1.500 pillion 
ton» 


Sa ma as In past 
25 yaars 

K 


.... . — , 

1 - 

- ! 

... i 



Ask students to fill in the Iffetime determinec ic: each 
situation and the span of years in which the supply 
\ will be totally consumed. 

The answers are: . 



Oil 


A 


6-10 yaars, 1980*1984 


j 90 years. 2C60-2064 




B 


6-10 yaars, 1980*1984 


j 40 yaars, 2010-2014 


0« 


A 


10-15 yaars. 1985-1989 


I 1*0 yaars. 2080-20G5 




6 


10-16 yaars, 1986 1989 


«j' 66-70 yaars, 2040-2045 
■■ * 


Co*l 




375-400 yaars. 2365-2374 


> 

I 4,000 years. 6960-5975 

i. . . : 


. '68 ' 
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(Tochmcai Note: The estimates of fossil fuel supplies 
were obtained, with one exception, from the U.S. 
Geological Survey — see NSTA Energy- 
Environment Source Book, Chapter 2, Volume 2 
The estimate of coal reservee, 160 billion tons 
was obtained from the "U.S. Energy Outlook, A 
Nummary Report of the National Petroleum Council," 
December 1972, A higher estimate. 390 billion tons 
la given by the U .& Geological Survey. The lower 
number was chosen to facilitate the students' orach 
analysis.) 



2. Discuss with . students the implications of this sum- 
mary: 

0 Note that although it is realistic to assume that the 
demand for fossil fuels Is likely to increase, the 
lifetimes for oil and natural gas are still short even 
when it Is assumed that demand will not increase . 
' O Compare the lifetimes of the fossil fuels with the 
lifetimes of the students. Are the expected 
lifetimes of the fuels longer or shorter than the 
students? If demand wifT exceed, future supplies, 
what is the likelihood of future shortages of the 
fossil fuels? 

□ You might also discuss thedmpllcations of the 
differences in the lifetimes estimated for reserves 
versus those for ultimately recoverable supplies. 
Ask students to recall the differences between 
these two types of estimates. If new, more costly 
methods of mining and recovery need to be de- 
veloped to extract oil and gas. from new types of 
wells, will the price of these fuels increase? Is 
more exploration required? * ' ♦ • 

(One aspect of the future supply and-demand 
situation fof fossil fuels that has been purposefully 
overlooked in this mini-unit is the effect of imports. 
Our domestic supplies .tor oil. even in the past 
30 years, have hot met v domestic demand, since 
our production capability, I.e., drilling and refining 
activity, falls short of demand.. Thus,, today we im- 
port close to 50 percent of the crude oil that we 
consume. Our imports are expected to increase in 
the future as it becomes more costly to extract our 
domestic supplies. These facts may be brought 
into a more general discussion outlined below.) 

3. As a concluding discussion, explore with the stu- 
dents the possible consequences of oil and gas 
shortages. 

"Are there other alternatives to fossil fuels? Gan coal 
be employed to replace oil arid gas? How will shor- 
tages of gas and oil affect consumption of coal? Do 
other nations have enough supplies of oil and gas for 
themselves as well as for us?" (It is often noted that • 
' * the United States has 6 percent of the world's popula- 
tion but consumes 25 percent of the world's energy.) \ 

Several, of these points are examined in other mini- * 
units. * 



1 . To evaluate stuoont underatz . *fi or the concepts of 

• supply, demand, ana shorugt and their ability to 
. apply them, employ question it the following type: 

"A v $oda machine at a beach contains 100 cans of 
soda. On a hot day, each p ^r&onlconsumea an aver- 
age of two cans at 25 cents each. If there are 60 
people at the beach on a hot day. will there be a 
shortage of soda? If so. how much? Explain." (An- 
swer: Yes, 60 x 2 - 120 cans * Dernahd. Supply « 
100 cans. Shortage - 20 cans.) 

2. Present, via overhead projector and/or duplicated 
copies, the mini-unit pictograp.Ythat shows United 
States consumption of oil (or natural gas or coal). Ask 
students to interpret the pictograph as follows: 

A. "How many barrels of oil (cubic feet of natural gas 
or tons of coal) were consumed from 1960-1964?" 

, (18 billion barreis ) 

B. "How many barrels of oil were consumed from 
1945-1 964 ?'* (56.5 billion barrels.) 

C. ''Indicate the number of barrel symbols to be 
shaded to shows consumption of 35 billion barrels 
of .oil." (three and one-haif symbols or 

CD CD O C 

D. (Assuming students have a copy of the picto- 
graph) Shade barrels in the pictograph to show the * 
number of years necessary to exhaust a reserve 
of 120 billion barrels, starting in 1975 with con- 
sumption a constant, 30 billion barrels a year. 
Answer: 1975-1979 £J 

1960-1984 Q Q Q 
1985-1989 O O O 
1990-1894 O'O CL 

E. Shade barrels in the pictograph to show the 
number of years necessary to exhaust a reserve 
of 120 billion barrels, starting « 1975 with con- 

-^eumption at 3Q billion barrels for 1975-1979, in^ 
creasing to 40 biiiion barrels In 1930-1984. to 50 

• billion barreis in 1965-1959, and to 60 billion bar- 
rels in 1990-1 994, 'etc. * 
Answer: 

1975-1979 •. Q^V Q £3 
1980-1984 £3 O Q Q 



1985-1989 



F. Ask students if tney would predict ashortage of oil 
in the future and. if so. why. (Yes, supply becomes 
exhausted bdt.dernand continues.) 
'How can a shortage be prevented?" (Increase 

* supply and/or decrease demand, or find alterna- 
tives.) 



v 
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Natural Gas Consumption-" 
Paat and FutuNT 
Constant Future Damand 

GROUP A TASKS 

Are there sufficient United States supplies of natural 
gas to meot future demand? What are the lifetimes of 
United States supplies of natural gas? Complete the 
following tasks to find out 

1. Examine the accompanying graph. 
A. What are the units of the scale at the top? 



B. How much natural gas does each 
symbol Q represent? , j 

C. Draw the number of symbols which would repre- 
sent: • 



20 trillion cubic feet 



13 trillion cubic feet 



5 trillion cubic feet 



The abbreviation for trillion cubic feet is TCF. 



2. Construct a table with the following headings: 



Amount of Natural Gas Consumed 
(in trillion cubic feet) 



Years 

1945-1949 
1950-1954 
1955-1959 
,1960-1964 
1965-1969 
1970-1974 



A. Reap* the graph and enter into Jhe table the 
amount of natural gas consumed^ each five-year 
period from 1945 to 1974. 

B. Did demand increase or decrease? How many 
times greater was the amount consumed In 
1970-1974 tr(an the amount consumed in 
1950-1954? V 

C. How many times greater was the United Stated 
population in 1 970 than in 1 960? (Refer to work on 
oil or see 1973 Almanac.) is your answer to 2B, 
the increase in the consumption of natural gas, 
greater than, equal to, or less than the increase 
m the United States population? 



3,. Estimates of the supply of natural gas In the United 
States are: 



Natural Gas 
(In trillion 
cubic feet) 



Reserves 



290 



Ultimately 
> coverable 

2.390 



A. Calculate from your *able or graph the total 
amount of natural gas consumed in the past 30 
years (1945-1974). 



B. Is this amount greater than, equal to. or less than 
the reserves of natural gas? 

* — — ■■ ««— 

C. Is It greater than, equal tp, or less than the amount 
ultimately recoverable? 



O. If In the next 30 years we attempt to consume the 
same amount used in the past 30 years, wijl we 
run dut of reserves? _ Out of ultimately re- 
coverable resources of natural gas? ~ Ex- 
plain your answers. 



A. How many symbols U would bo required to 
represent the amount of natural gas reserves? 



6. How many symbols would be required to repres- 
ent the amount of ultimately recoverable natural 
gas? 



5. AHow much natural gas was consumed in 
1970-1974? 



How many symbols are used to represent this* 
quantity? 



B. Color this many symbols in each row after 
1970-1974 until the total number of symbols 
equals the reserves of natural gas. In what five-, 
year period would the reserves be totally con- 
sumed? - What is the lifetime of the 



United States reserves of natural gas at a constant 

consumption rate? 

C.Simllarly, color the number of symbols In your 
answer to 3A Jn each row until the ultimately re- 
coverable resources of natural gas are totally 
consumed. In what five-year period does this 
occur? ' What is the lifetime of 4he 

ultimately recoverable United States supplies of 
natural gas at a constant consumption rate? 



0 

IERLC 



70 



U.S. Consumption of Natural G«i 




Natural Gas Consumption — 
Paat and Future 

Increasing Future Demand 

GROUP B TASK8 

Are Mioro sufficient United States supplies of natural 
gas to meet future demand? What are the lifetimes of 
United States supplies of natural gas? Complete the 
following tasks to find out. 

1 Examtno the accompanying graph. 
A. What are the units of the scale at x the to0? 



B How much natural gas does each 
symbol Q represent? 



C. Draw the number of symbols which would repre-, 
sent: 



20 trillion cubic feet 
13 trillion cubic feet 



$ trillion cubic feet\ 



abbreviation for trillion cubic feetts TCF. 
2 Construct a table with the following headings: 



Amount of Natural Qas Consumed 
(in trillion cubic feet) 



Years 

1945 1949 
19501954 
1955-1959 
1960-1964 
1965-1969 
1970-1974 



A. Read the graph and enter into the table the 
amount of natural gas consumed in each five-year 
period from 1945 to 1974. 

3. Did demand increase or decrease? How many 

«es greater - was the amount consumed in 
^0-1974 tfVatuthe amount consumed in 
- 195p : 19S4?^ a. ^ . * 

C. How many times greltir v^ps the United States 
1 population in 1 97tfthan in 1 950? (feeler to work on 
oil or see I973^fmanac.) Is your answer to 2B> 
the increase in the consumption of natural gas, 
greater than, equal to. or less than the increase 
in the United States population? 



3. Estimates of the supply of natural gas in the United 
States are: 

Ultimately 
recoverable 



290 



2,390 



Reserves 

Natural Gas 
(in trillion 
* cubic feet) 

'A. Calculate from your table or graph the total 
amount of natural gas consumed in the past 30 
years (1945 1974). 



B. Is this amount greater than, equal to. or less than 
the reserves of natural gas? 



C. Is It greater than, equal to. or less than the amount 



ultimately recoverable? 



D. If in the next 30 years we attempt to consume the 
same amount usea in the past 30 years, will we 
run out of reserves? Out of ultimately re- 
coverable resources of natural gas? Ex- 
plain your answers. 



A. How many sumbols LJ would be required to 
represent the amount of natural gas reserves? 

B. How many symbols would be required to repres- 
ent the amount of ultimately recoverable natural 
gas? 



5. A realistic projection of future consumption of natural 
gas is given by the following set of numbers: 





Demand 




Damamj 




Damand 




(in 




(in 




(in 




trillion 




trillion 




trillion 




cubic 




cubic 




cubic 


Yiar 


<09t) 




feat) 


Yur 




1978-1979 


126 


2000-2004 


168 


2025 2029 


221 


1980-1964 


134 


2005-2009 


177 


2030*2034 


234 


w 1985 1989 


141 


2010-2014 


188 


2Q35-2039 


*24> 


1990-1994 


150 


2015-2019 ' 


199 


2040-2044 


* 261 


1995 1989 


168 j 


2020-2024 


210 


2045-2QJ* 


276 



A. How many symbols are required for eaWof these v 

numbers? 126 TCF 134 TCF 

141 TCF __1*15G TCF 158 TCP 

; * - \\ 

B. 'Color the symbols m each row up to tb^se* espep- 

tive maximum amounts until the reserves of 
natural gaq^ja totally consumed. In which five- 
. # year periorf^^k tffls ofeur? ^ What 
Is the iifellm!^ thfc Uqited State? reserves of 
natural gas at an Increasing consumption rate? 
— k 

C. Similarly, color in each row up to the -maximum ' 
amounts until the ultimately recoverable natural 
gas resources are totauy.consumecir in which five- 

yetar period doe$ this occur? - . What 

is the lifetime of the ultimately recoverable 
United States supply of natural gas? • : 



150 



200 Trillion Cubic F««t 



1945- r 
1949 



1950 - 



954 | 



1935 - t> 
1959 



I960 - 

1964 



1965 - 

1969 



1970 - 

1974 



1975 - 

1979 



1980 - 

1984 



1985 - 

1989 

D f 



1990 

1994 



1995 - 

1999 



2000 - 

2004 



2005 



2014 



2015 - ' n n 

2019 



2020 - 

2024 



2025 - 
• . 2029 



2039 * ^ 
. K 2034 




Each qm tank 
equals t»n trillion 
cubic fwt. 



0 



2009 



(pttt* top Of ntxt grfcph h*r«) 



2033 

-203r 
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Cosl Consumption— '. 

Past and Future ^ 

Constant Future Demand 

GROUP C TASKS 

Are there sufficient United States supplies of coal to 
meat future domand? What is the lifetime of United 
States supplies of coal? Complete the following tasks to 
find out. 

1. Examine Graph 1. 
A. What are the units of the scale at the top? 



B. How much coal does each pile of coal, pr symbol, 
in the figure represent? 



C. Draw tho number of symbols which would repre- 
sent: 

2 billion tons of coal 



1 1/3 billion tons of coal 

2 1/10 billion tons of coal. 



. The abbreviation for a billion tons of coal is B tons. 
2. Construct a table with the following headings: 

\ Yoare Coai Consumed 

1945-1949 
1950-1954 
1955-1959 

1960-1964 * 
' 1965-1969 ' 
1970-1974. " 



A. Read t|e graph and enter into the table the 
^ amount of .coal consumed in each fiVe-year period 

from 1945 through 1974. 

B. Oid the demand Increase, decrease, or remain the 
...... same in . the^test -20 years? ^ , „ How 

many times greater was the amount consumed in . 
1 970- 1 974 than In 1 950-1 954? ' , • 
G. How muph.dld the United States population in- » 
crease from 1 950 to 1 970? (Refer to, youcwork on 

oil or see 1973 World Almanac.) Is 

your answer to 2B.'the change in consumption of 
coai, greater than, equal to, or less than the iry- 
crease>in United- States population? 



3. Estimates of the supply of coai in the United States 

* ■ * * 

are: ■ . 



Coal 
(in billion 
tons) 



Reserves 
150 



Ultimately 
recoverable 

1,500 
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A. Calculate from your table or Graph 1 the total 
amount of coal consumed in the- oast 30 years 
(1946-1974). 



B. Is this amount greater than, equal to. c* less than 
the United States reserves of coal? 

* _ Is It greater than, equal to. or 

less than the amount ultimately recoverable! 



C. If in the next 30 years wo attempt to consume tho 
same amount used In the past 30 years, will we 
run out of reserves? ■ Will we run out of 
ultimately recoverable resources of United Statos 
coal? Explain your answers. 

A. How many symbols would be required to repre- 
sent the amount of United States coai reserves? 



B.How many symbols would be required to repre- 
sent the amount of ultimately recoverable United 
States resources of coal? 



C.How many symbols would represent the total 
amount of coai consumed in the 25-year period 
1950-1974? 



Enter this number of symbols on the first row of 
Graph 2 and in every succeeding row until the 
United States reserves of coai are totally con- 
sumed. 

During what 25-year period will the United States 

reserves be totally consumed?'— — ~: „ 

What is the lifetime of coal reserves? 



5. 



A. How many future 25-year periods are there; i.e.. 
how many rows did it take to totally consume all of 
the coal reserves? 



B.ls this approximately the same number you 
would obtain by dividing the amount of the re- 
, serves (1 50 billion tons) by the consumption in the 
25-year period 1960-1974 (see your answer to 
4C)? 



C.lf you took your answer to 5A,' the number of 
25-year peridds^end multiplied it by 25 years, do 
you obtain the same answer as in 4C for the re- 
serve lifetime? 



6. 



Explain 



Your answers to 5B and C suggest an alternative 

method for calculating resource lifetime when the 

•consumption remains constant, 

Using the estimate of 1 ,500 billion tons for ultimately 

recoverable supply of United'States coal, calculate, 

using this alternative method, the lifetime of this 

supply. 



During what period would this supply be totally con- 
sumed? 



< 7& 



GRAPH 1 

U.S. Consumption of Coal, 194&1974 




• 



GRAPH 2 

U.S, Consumption of Co»l 



Ywir 



Billion Tons 



lt50 
-1*74 



1»75 
-iMf 



2000 
-2024 



2023 
-2049 



2050 
-2074 



2075 
-2099 



2100 
-2124 



212) 
-2149 



2150 



-2174 



2175 



2199 



2200 



-2224 



2225 



-2249 



2250 



-2274 



2275 



-2299 



2300 




-2324 
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179 
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bituminous 
[^f lignite 

sub- bituminous 
anthracite 



I Fill iii the names of the states that l^ave coal reserves. 

2. Can you tell from this map how many tons of cool we have in the ; # 

United States? Why or why not? ; 4 Fmm 1(?okin g at ^ map do you think. that the area you live in has 

^ 3 Notice that there are lat^e deposits shown in Michigan, yet coal is electricity produced from coat? Check with youc local utility plant to 



not mined there. Can you guess why not? 



find out whether or not you are right 

1 " 



V. 



80 



1 

A 
i 



^0 > 



LI PL SI 'AN 0!« WORLD'S PI-TROUXM. AXD COAL HrSOUKCHS ' 
. , . » ? . ^ 

/\r<ux ttw/e*- -fk o<n/<. ^jjfe^ttj Hit -^atpi avKonHT; or t\*. 



c 

OIL 



total 2100 billion bbl. 



Total 1350 billion bbl. 




; f 
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-NEW SOURCES OF ENERGY FOR ELECTRIC I TV" 



Solar: 
Heating' & Cooling 



Solar Electric 
.(Thermal orrpixecx) 

4 < \ <r • * 



.Coal Conversion" 
(Gas or (HI) 



\ 
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THE COAL STRIKE OF 1978 



SCHOOLS CLOSE ^ 

for 2 weeks 

Detroit iWotf 1,000 Workers 

LIGHTS OUT- CRIME INCREASE FEARED 



President Orders Coal Miners 

Back to Work 

.. * • > 

These headlines show some of the effects of the. long cgal strike 
of 1978. Which of these effects do you think are most serious? 
Which .are least serious? Why? - 

Why might schools be ordered closed during a shortage of coal? 

Wly m^ght you close industries? 

What other alternative* are . available for dealing .With the 0 
shortage? 



Ull witch* cm*? 

Texas land for 




By Alton K+ttWrt 

AWOC^t#0 torn* 



to* 
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F ADR FIELD. Texas — In » re- 
gion better known for oil wells 
than strip mines, some of the na- 
tion's biggest oil and energy com- 
panies «re quietly acquiring leases 
on millions of acres of farm and 
ranchlands. 

The heavy investment In six 
Gulf Coast states comes as com; 
naniea such at Phillips Coal Co., % 
subsidiary of PbilUps Petroleum, 
Exxon and 10 other energy con- 
cerns anticipate a coal boom, that 
could forever change power use 
patterns in this o^-rtch region. 
^Lignite ~ 

somewhat denser and rtcfter to 
carbon than the peat batted to* 
loma countries - itodeijles a vast 

section of the region. - * 
With theJ^ta^a^W^y 
.*«g. fetoSlgas w qtteatiotf and 
domestic and imported 
*?^ff5.. - area's astimated la 

^u^^^cLs***- ^ 
In ea^efli* Texas, where salt 
r water to »mg mm % famous 
oil fields, #fltoe of the states 25.4 
> ; JtilMoo 4*» <* lignite are already 
ditg f^ three atrip mines 
operated* fiylfwrtsbrtlum ofiTex- 
^ electttMtiUtiest Eight generat- 
ing plants locate* right at the 
mouths of- the consortium's mines 
last year produced enough ejfec- <, 
tricity to meet the needs of a city , 
of 2 million. 

PhiUipa Coal founded in Dallas 
six years ago, new holds leaeesoa 
more than a million acres, while a 
dozen other major oil and coal 
companies own lignite rights on 
an additional 3.4 million acres in 
Texas, Louisiana, Arkansas, Ten-, 
nessee, Mississippi and Alabama. 

A recent study by the the Texas* 
Bureau of Economic Geology esti- 
mates the region's lignite reserves 
haVe the energy content of more 
than double Its proven oil and nat- 
ural gas reserves combined. 

As s result, lignite mining along 
the burgeoning Gulf Coast is pro-, 
footed to soar from 30 million tons 
last year to as much as 138 mil- 
lion tons by 1W0. Barely a decade 
ago, only 2 million tons'a year 
were being mined in the six-state ' 
region, the bureau said. 

James Van Reenan, vice presi- 
dent for marketing of Phillips 
Coal, said lignite Is fast becoming 
the fuel Of choice for the region's 
utility companies and heavy In- 



As a fuel. Gulf Coast lignite is 
only slightly less efficient than 
.Western coal and transportation 
: costs are almost non-existent be- 
cause the plants are near the 
mines. Van Reenan said. And It's 
easier to reclaim strip-mined land 
along the flat, verdant Gulf Coast 
than in the arid coal fields of Wyo- 
[ aim North Dakota, he added, 
soft, chunky lignite resem- 
blesNtopsoil in appearance and 
^ owes Its existence to 
the same geological process that 

* produced the Texas oilfields. The 
'process began 70 million years 
:ago when tjjx covered a thick lay- 
, er of plant matter along the Gulf 

Coast 

The fossilized remains of the 
. vegetation are lignite, which lies 

* 10 to 200 feat below the surface in 

* a giant black blanket spread from 
the Texas-Mexico border to Ala- 
bama and Kentucky. Older depos- 
its of organic materials became 
pockets of oil and natural gas. 

*. Exxon is designing a proposed 
$4 billion synthetic fuels plant to 



\ 
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T *M» "gn.io into a .yn-J / 
hotlc '^petroleum wHc^to* J 

1/ the company goes al*«d with 
the plant, lignite mining would be- 
gin near Troup, Texaa, in i 98 « 

about building ■ synfuefcTplajrt 
along the Gulf CoastX already 
signed contract, to supply several 
mine-mouth power plZ. inu3 
•lana with lignite. ■ 

charge Cajjuj Electric Power -Co- 

veport In comparison, lignite de- , 
nvered to«ouston from iKTdT 1 
«*«• o*ts about m«. ton 

¥20 a ton. Van Reenau aald 
Although the Gulf Coast deposit 

states - North, Dakota's is th* 

at 350 billion 
ooooftneregjon-,^,^^! 

"•J 3 now burning lignite to Uoht 
homes and factories. ^ 
nr J e "« Utilities Generating Co 
operate* eight electrical 

• 0/ ^ wer - enou gt> to 

£rveji community larger Ihan 
Houston or Dallas. Six other uSfi 

toVe™? <tevel °P^t J't new 

ail electricity produced in Texaa 
cm from coal-fired plant, I But 
as oU and natitfal gas deposit. 

disfavor because of mining -coats < 
and i 0W e r efflcl ^ **» 

«ff 1980 ' ^ three utilities that * 

tpr 2i 0 " ra, « tot «y Texas has en- 
J*"* Jts second phase in IignUe 
fining, the modern era/toroMht 
on by the price and avSffiEft 
natural gas," said Kaiaer , 



A-6 NMhvflle Isitittr, Wednesday. Juty 22, 108 1 




A dragline operator at a atrip mine In Fairfield, Texa£, 9c6opa up a 
Qlant ahovsl of dirt exposing a seam of Texao lignite coal. 
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USE3 OF COAL 
Chemical content and classification 

Coal An a fuel 

A. Paat and present use . 

B# Future predictions 

C, Coal as a fraction of total energy sources 

D. Production of electricity 

Coal as a raw material 

A. Coke production . 1 « 

B. Coal products 

C Qaaifi cation and hydrogenation 
History of coal, use' . ..« V 




Objectives** -Students* will b© able to list the four types of cqala 9 their heating 
values, and diacuaa their uses* 



The Uaea of Goal 

The chemical composition and moiJVure content are the two things that 
determine how coal i3 used* Coal ia not a true mineral* It does not have 
a fixed chemical formula* All coal consists of certain isolids and moisture* 
The solids are composed chiefly of the elements carbon, hydrogen, nitrogen, 
oxygen and sulfur. But coal varies widely -in the amount of each element it has 
as w^ll as in* its moisture content* Thus, no two deposits of coal are exactly 
alike in their mako~up. « < 

Coal i<5 usually classified according to how much carbon it contains. There 
are four main* groups of coal* The carbon content decreases from 1 to h. 

1 . • anthracites r v 

?♦ bituminous v 

3. GubbituiniApus' 
* U. ligriitea (brown coalO . / 

■ v . $.\^-, " ■ % 

• The anthracites have the greatest carbon content. The nighest tanking 
anthracites contain 'about v 98 % carbon. The lowest yanking lignites have a 
carbon content of only abdut 30.%. Thu* anthracites and bituminous coals 
h£.ve a higher heating value than do subbituminous ano; lignite oals. The 
•moisture* content increases as you go down the ra-nk." Heating value refers to 
the -amount ..of heat a given amount qf coal will produce when burned. 

- * Bituminous coals are by f^r the most plentiful and widely in use of* the 
major rajnka. ThGy are the only one's suited to makfe coke. 'Anthracites are hard 
'to. ignite and burn slowly. Thus they are 'unsui ted to today l s standard method 
of producing electricity from coali Anthracites are also -the lefast plentiful 
of the four ranks. \ Less than- 1 % of the coal fourtdLin the Uhite4 States is 
anthracite. ' * i X. '. ' *»• - . 

• 5 .. « . . ^ " 
Que«t4ons l ~ " ♦ 

1. What two things' mainly dqttfcmine the Way in which 'coax is used? 

* * '■■ ^ * , 

Why is cbal not. a true m^Lne^al? • v, 1 * 

•0 • ' ' ' ;* \ 

3*. Whav, are the 5 cnie£ elements found in coal? . 

* *r* 1 

u. Kank.the four main classes, If coal from the lowest heating value to the highest 

..." 9 ' ' v " 

5.^ How does' the moisture content of coal affect the heating value of coal? 

(«♦ . which .type of coal la moat widely used in the 'U.S.? ;•* 

7.. Which type of coal, la, the least plentiful? % 

' Why rire anthx-dclbejS unauitect U "toddy's standard methya of producing 
electricity from co/il? 



Activity M«Ur 8 



flow Coal is Used 

TMa activity foMows coal from the mine to your electric light. 




1. Coal is mined either by surface or under- 
ground mining. Before it leaves the mine, 
it it often cleaned, crushed, and sorted. 




-About 2/3 of our coal is transported by 
rail, much of It in special cars One coal 
train can carry as much as 10.000 tons 
per trip. i 



>. 46 perqpnt of U.S. electrical generators 
are powered by coal Power plants burn 

. coal-to turn water Into steam. The steam 
turns a turbine, a series of wheels with 

-'vanes like a windmill. The turbine rotates 
coils of wire in a generator through a 
magnetic fi<Hd to produce electricity. 

k Electricity is transported on wires at very 
high voltages. Electricity is usually not 
shipped more than 600 miles by wire be- 
cause of expense and loss of energy. 
Only 26 percent of the original energy 
remains whan the electricity is 'used. 

Y 

Electricity lights the lamps in ybur home. 
How many other uses of electricity In 
your home can you name? Write them on 
. the back of this paper. Then place a star 
before those you think you could do 
without. 



Some Facta About Coal 

Decide whether each of the following facts is a problem (P) or an opportunity (O). Put a P 
or an O — or both — in each blank. t)n the bafikof this sheet, write down ways some of the 
problems could be overcome. Compare ideaawith your classmates. 



1. 90 percent of U Sr fossil fuel reserves 
(coal. oil. hatural gas) are coat. 

2. Some deep mines are dangerous. 



3. 50 percent of our mineable coal is in the 
we st e r n United States. 



— 4. We have enough coal to last for 350 

years, at. current level of use. 

— 5 Mining coal can cause damaged the 
^ environment. 

— 6. In the future, we will rely more on coal 

as a source for synthetic oil and gas. 



9 
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Objective* Student will unscramble coal vocabulary using clues, given by each word. 



WORD SCRAMBLE- gOAL 



1. mosLs 



All caol consists of moisture and 



2. SETSCARHTNA 
i 



3. BUITIBSOUN 



h. SLKITGIN 



5. THINQKA ULAVK 



Coal with the greatest carbon content 

Host widely used ooal type 

Brown coals 

Amount of heat a given amount of coal 
will produce 



6. ABRNOC 



7. LFUUSR 



Element found in coal 
Impurity found in coal 



J8. LCTBEIRCYIT Coal is the fuel used chiefly "in the 

production of 



_9. FLUSUR IODIDXE Poisonous gas that comes from burning coal 



10. TIBSUMINOU 



$0$ of this coal type in the U.S. 
has medium or high sulfur content 



ERIC 



A 



Objective- Student wllO. be able to graph the usage of coal in the U.S, 



USES OK GOAL IN THE UNITED STATES 

^ According- to th* 1976 U.S, Dept. of Energy iigures, 663, 228,000 snort 
to^ of coal were consumed or^ exported. Using the information below, com- 
plete the graph below. 



1 % - heating 
9 % - exports 

9 % - general industries 

P ■ .. 

1 3 coking coal - * . 
- electric "power . 



1 
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Objective- Students will be able to graph present and future energy sources for 
the United States, and then specifically determine the role of coal 
us a fuel source. 



Energy Use Now and Future Predictions 

Int he U.S., we use oil, gas and coal to provide modt of our energy OJJl 
or petroleum accounts for about Uh % of all the energy we use, natural ga3 
accountavfor about 31 percent, and coal provides about 18 %. Uranium provides 
only about^li % and water power provides 3 tf# 

Oil and gas are cleaner fuels to bum than coal, but our supplies of them 
are very small compared to the amount of coal that we have. Looking into the 
future, we sea that oil left in the ground makes up only about 3 % of the total 
fuels we have left. Shale oil makes up 7 %. Gas makes up U % and uranium also 
provides U %* But if we look at how much coal we have in the gound, we see that 
it makes up more than 80 % of the fuel we have left In the United States. ljle 
have more than 1*30 billion tone of coal in the gound that we can mine- in ways 
that are largely uaed today. That is enough coal to last 200-300 years ov more. 

Using this information, fill in the graphs that follow. ' 



WHERE 0.3. ENERGY COMBS FRQJM TODAI 



A * 




U.S. FUELS FOR THE FUTURE 



•1 




♦ Complete theae graphs bu using information found in the preceding activity. 
Give percent and name of fuel. 
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Objective- Students will be able to answer and discuss questions concerning the 
use of coal as a fuel* 



COAL AS A FUEL 



Coal is a useful ftiel because it is abundant and has a relatively high 
heating value. But coal has certain impurities tn*| limit its usefulness 
as a fuel. Thene impurities include sulfur arid various minerals ♦ As coal 
is burned, most of the sulfur combines with oxygen and 'forms a poisonous 
gas called sulfur dioxide' (502)* Moa ^ of the minerals tuim into ash. 

Low-sulfur coals or <*oals with a sulfur content <of less than 1 per cent,, 
can be burned without adding harmful amounts of SO2 to the air* But medium and 
high-sulfur coals (cdala with more than \% sulfur) can cause serious air 
"pollution if they are burned in large quantities without proper safeguards* 
The high cost of\heee safeguards has greatly restricted ths -use of coal as a 
fUel;|\ 

Coal i^ chiefly ysed to produce electricity. Electric "power plants use . 
more than two-thirds of the* coal mined in the United States* 



1 ♦ " What main impurities are found in coal? * 
2. What poisonous gas is formed when sulfur combines with oxygen? . 
3# vWhat Jtype of coal can be burned safely without taking extra saf eguards?. 
lu What is coal chiefly used for? 

m 

+ < 

What pe.r cer^ of the coal mined in the U.S. is used to produce electricity? 



HOW.MUCH 
METHANE 




CAN Y0U CQLLECt 
IN 2 DAYS FROM 
1/2 CUP OF COAL? 




MATERIALS: 

Soft or bituminous coal 
Funnel, auqrt jar, water 
Test tube, rubber band 



Fill "tkt ,0, ^ «»*fer- 

Fill 1Wd Itet T*tn 
uJith uMfcr And 

wa tuM*at. 



Air tytT iftf J >i 



/ 




4 




; -./• 

f - 

-tVifc u>4Tdr 
Una uiitv> 

ctu'ft* fffarVar- 

begin 
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HMU*tr1hfc 
Iumo* of _ 




Awvd plica 1Wi 4-ui*tl ifartdeiWt 

7^' 
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After the tube seems to be filled, will the coal still 
give off methane gas? How can you find out? 



OTHER IDEAS TO EXPLORE:, 



Will the methane 
vou coJIected 
burn? 



* 




Why is mining 
a dangerous 
occupation? 




v emove the test tube and 
put your thumb over the 

top.' -j 



Light a match and turn 
test tube upright. Let the 
gas ojut. What happens? 




» % 



\ 
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Objective- Students wiJJ. graph U.S. coal consumption since 1900. 



U.S. Bapt. Of Bnargy Data 

Fill, in the graph that follow using the following data* 



Year 

n 

1900 
1910 

» 

1920 
1930 
19h0 
1950 
1960 
t970 
1979 



Millions of tons used (approximate figures) 

' ji . 

I|7!? 
1*85 
500 

iiOO .* 
52* 
6$0 



\ 
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Objective- Students will graph the percent, df coal use vs. total energy 
consumption In the U.S. since/ 1900. 

' \ • ' ' ■:' '•- . - ' ■ "V ' 

U.S. Dept. of Energy Data 

Year Percent 

1?00 96 * 

1^10. , v 90 - * 

1920 88 
1930 * 68 • ' 

19U0 58 . \ . 

19^0 , . * , 

I960 . 23 

«> — • 1 

1970 , 1 ^7 
1979 - 16 *' 



# For extra credit, make one graph showing both. sets of data on both of the 
preceding graphs. * 




r 




-a~ . . • 
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Objective- Students will answer questions on coal used In the production of 
electricity. 



GOAL IN THE PRODUCTION OF KLSCTRICITY 



In the U.S., the great majority of electric power plants are steam turbines. 
• High pressured steam is uaed to generate electricity. The steam spins the wheels' 
of turbines which drive the generators that .produce electricity. About 80% of 
the electricity uaed in the U.S. is produced in this way, and coal burning plants 
account for most of this output. ' 

Bituminous coals have long been the preferred coals for electric power 
production. These are the most plentiful coals and have the highest heating value. 
But 50* of our nation's bituminous coal has a medium or high sulfur content. But 
nearly all the subbituminour and lignite coals in the U.S. have a sulfur content 
of less than ^% J ' So to meet, federal and state pollution standards more and more 
power plants have switched from bitumi©ou» coal to eubbituminous or- lignite. 



1 . Why is bituminous coal no longer the most preferable ooal for generating 
electric power? 

i 

2. In the U.S., most of our electric power plants are _ "' 



3. Coal is used in these plants to make steam.* How is the steam used to 
produce electricity? 



In Europe and Asia, cqal is widely used for heating homes and other buildings. 
But in the U.S., natural gas and fuel oil have almost entirely replaced coal as 
a heating fuel. However since the rising cost of oil and natural gas and other 
fuels, some factories and commercial buildings have switched back to coal. 
Anthracites are the cleanest burning coals, so theyare preferred for heating 
homes. But since anthracites are the most expensive? coals, bituminous coals 
are often used. It takes larger quantities of eubbituminous and lignite coals 
to heat effectively, so they are seldom .used. . 

1. What has happened to cause industries to switch back to coal use? 

/ 

2. What coal type is preferred for home heating? 

3. In the U.S., what other fuels have almost replacea coal as a heating fuel? 
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Oil { ef 




77.6% *f . 

Burning coal, gas or oil 
heats water to steam, 
which spins turbine 
which turns generators • 
converting heat energy 
Into electrical energy. 



*Offi*±* K>.<4% ef 



The pressure of falling ' 
water (e.g., of a major 
dam) spins turbine which 
turns generators - con- 
verting mechanical energy 
into electrical energy. 
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Produces electricity irf 
much th* same way as 
a fossil fuel plant except 
the furnace is called a 
reactor and the fuel 
is uranium. 



1* ord&reAt-* 



10 K 
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Coal Car 

The scramble for petroleum has final- 
ly provided the auto industry with an 
incentive to experiment with electric 
cars and dicsel engines. In June, Gen- 
eral Motors demonstrated another type 
of car,„a coaWred vehicle that the 
company's executives hope may be the 
one to free Americans from their heavy 
reliance on oil. 

The two prototype cars burned coal 
that was ground finer than confection* 
era' sugar. A stream of compressed 
air carried the coal from a tank .to the 
engine, where in the process of burn- 
ing it became a gas, compressed enough 
to drive the turbine. 

According to Albert Bell, who is in 
'charge of the project, coal cars have 
become feasible only since new pro- 
cessing method* have made it possible 
to grinds coal to an ultraflne powder 
that burns well. 

The coal, car's engine will havfc to 
be developed further before the vehi- 
cle can be placed on the market, Bell 
adds, and powdered coal Vill have to 
be made commercially available. When 
it is, General Motors estimates, it could 
be produced at $4 per million BTUs 
(British thermal units); crude oil costs 



more thin $7 per million BTUs, M De^ 
spite die advantages of inexpensive and 
plentiful coal,V adds Boll "companies 
will have to set up commercial plants 
that refine the \>lack fUel befoHs <*>aj 
cars become a reality."'- 
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Objectives Student© will be able to Hat raw materials made- from coal and 
underotand their* value itf our modern world* 



COAL AS A RAW MATERIAL 



'Many aube&ihcea mada. from coal^aerve as, raw materiala in manufacturing 
tone i 0 tha moat widely uaed of theae sunatances. Coke is made by heating 
bituminoua coal to about 2000° F (1100°C) in an airtight oven. The lack It, 
oxygen (0 ? ) pcevefcta^the coal from burning. The heat changes^aome of the' 
a°^rd ^^u 0 * 1 into 8«e». l/ The remaining abiid matter ia .coke.' Coke i 3 

bit^Aou^ ^^ ma38 °J n? * rly ^.^on. Intakes about ^ ahort tona of « 
bituminoua coal to produce 1 ahort tori of ooke. 

Most SwL^nf ^ Coke + P ro ^ uced *" the »-S. ia uaed to make iron and steel. 
\ ? J Pjanta are parts of a ateel mill. The mill burna coke with iron 

?hL cli^ t0 CH *T ° r ° lnt ° the pUre ir0n * make steel, 

duiina ^ Z \ lng P^ c f S8 *• t* 11 ** carbonisation. Some of the gases produced 
during carbonization turn into liquid ammonia and ooal tar as they cool.# Through 

Toll ^li^nlKr ° f the f^ ing ***** ° hange lht ° Well. AmmonTaf 
rill W?? light ,013, are uaed to make.auch products aa drugs, dyes and fertili*< 
Coal Ur ia alao,.uaed for road, aurfaqing^and roofing. Some of the gas produced 

T^LT^f-r^ beC ° me llquid ' * The coal b — like naWal 
bu r*n < tk ? he * tln « value *** K iv «» ofi large amount* of soot aa it 

Dro??d«« ^tT 1 ff 8 M <*l«ny at the Plants where U is Produced. It 

providea haat for the coke and a.teelwnaking proeesa. 
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GOAL PRO^jcTi 



In 197li f evbry person the U # S# used about thirteen pounds of^Voil 
every day* 3ut moat people never see any of the coal they used. Cofll 
has many uses aa can ^* seen from the list below* 



electricity * ~ < » 

lighting ^ 1 * • 

heating s ~ . -a " 

steel- autae, trucks, ships, railroad cars, stoves, refrigoratdrs, washing machine^, 

buildings, bicycled, bridges 
cement ' ^ f 

rubbed ^ 

i man-made fibef s such a^ nylon 
drugs such aa aspirin 
perfumes 

food flavorings , , 

dyes 
jpaint 
plastics 

waterproofing materials 

phonograph records " 
explosives ' * % 

insecticides 
lead pencils 
benzene 

carbon * 
coal tar 
coke 
creosote 
toluene 
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Objective- Students will become aware of coal rea^arch prt^esae* and their 
projected uae in our energy future* 



\ 



GASIFICATION AND FURTHER RESEARCH 



Gas can be produced from* coal directly, by various methods. ? The simplest 
gasification method involves burning coal in the presence of fqrced air or 
steam. The resulting gas has a low heating value and produces soot. Coal 
can be used to mako high energy liquid fuels such as gasoline .and fuel oil. 
The present methods of producing these N fuela from coal are costly and complex. 
Researchers ere working on way's to develop cheaper and simpler methods. 
Underground gasification techniques are also being researched. 

Other Ve search is being^done in the area of hydrogenation or- liquefaction. 
In a typical method, a mixture of pulverized coal and oil is treated with 
hydrogen gas at high temperatures and under great pressure. The hydrogen 
gradually combines with the carbon, molecules, forming a liquid fuel. This 
, process v can produce such high-energy fuels as gasoline and fuel o'il if 

sufficient Irydrogen is added. Again this method is costly ai|ri more research 
is needed, but plants have been set up for this process. 



1 . Describe a simple jraaiMcation process. 

J \ 

.2. Describe a typical method of liquefaction or hydrogenation!^ 



3. Why are these processes not used on a large scale now? 



. \ 
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Objective- Students will become acquainted w^Lth the history of coal use in 
our world* • » ' 



HISTOKT OF COAL USE 



No 



one knows vfren people first discovered that </oal could be burned to 
provide hpat. The Chinese were^Me first people to develop a ce*l industry, 
and by A.D. 300 s 3 f they wdre using coal to h#at buildings and smelt metals* 
Irf Europe, coal was i\pt widely used until the l600 f s whan a wood shortage 
developed. England became the leading coal producer by the l&te l600 f s until 
the late l800 f a# The process of making coke was developed In England by 
brewprs* In 1710, coal became the chief fuel for iron making* As the' 
industrial -process developed, and fiBpecially with the Industrial Revolution, 
coal became even more Important in Kutoope and in North America. 

North American Indians used coal for *baking pottery long before the fir3t 
white settlers arrived. In the l800 f s, coal became important In manufacturing 
and in transportation (steam powered engines) • By the late 1800*3, the U # S# 
replaced England as the world's leading coifrl producer. In th<i^J9?0 , s, as the 
use of petroleum and natural gas increased in the U # S#, Russia surpassed the 
U # S # in world coal production • ^ . 

The growing scarcity of petroleum and natural gas has led to. a sharp rise 
in the demand for coal* According to pome,U # S# government statistics and 
estimates, the production of coal will double in the UiS. by 1985,. Tlje in- 
creased outpiit would be used for electricity production mainly • Coal exports 
are oxpected "bo increase also* The use of coal will depend upon many, factors 
such as conservation, demand for energy and oil and alternative gas availability* 



■ 1 



1 * When did coel bocom^important as a fuel in the United States? Why? 

» 

2. Wiat cauaed a decreaae in coal production in tha U.S. in the 1950!s? 

* 9 

3, l^esently, what has led to an increase in coal production and use in the U.S#? 



U. Who first industrialized coal use? 

5. In the future, coal will be ^primarily used to produce 



\ 



113 



9 

ERIC 




J^"' ^ : ;// ' | ! i ! , i . ■ foal 

J!by°b/>t far # ! 
tf/9Mja\ dr. k^/^am ^^ 



.1/7: |^ ^j^i^/i • or j - ■■; . 



n 




i i > 



j. j j ; I ! j jO/V#UjC Qf, Ox/ 



• r • n 



I 



k 



.1 




44:/; #r .: _u ^Jj/JAS* 43 ; , j ; ,; j : » • 
Y-asM4y-i*w~ - h i-.L^...;.... ; * j— ..: J. 



I. 



-t~- 



/,/ 'JjfMA . <pa/^tf4m d/tam^uSf &s, ' : ' 



! : i* T- i 



i 1 

.... : -vt. . 



& QUIZ- Uaea of Coal 

/. ■ • 

Truck or ?*lse ' 

1 • Coal la a trua mineral . 

* "" / » 

3. Coal Is usually classified by \he amount of carbon" it oontaina. 

I ■ ' . < • . * * 

3 . Lignites hava the greateat heating value of all coal > types. 
» l u Coal provides about 18* of our energy needs in the U.S.. 



Our government predicts that cjeal uee will decrease in the next five yeara, 



6, Research ia being done in using coal tq fuel cara. 



J. Hydrogenation ia a prooeas where coal is .treated with hydrogen gas to 
" form a liquid fuel. • . 

j3. Coal was first used, industrially in England. > 



_9. Coal gaa hae a high. heating value and is pollution free, 



_10, Xiquef action ia a proceaa where coal ia made into a liquid fuel. 



> 



J. In the U.S., there ia enough coal to last A) 20 years 

. B) -200-300 years 

. .C) 1000 years - 

2. The moat widely uaed coal type is' A) anthracite B) bituminous C) lignite 



•if 



J. A poisonous gej^ that ia given off when coal Is burned is A) C0 2 B)HS)a. 

■ * i c) so 2 

U. Coal, that ia beat for heating nomas is A) anthracite c ) B ^ i JJgjJ5g 3 



5. The chief use for coal is A) raw materiala B) *the production of .electricity 
C) home heating 

^6. Which ia not a rdw material or by-product of coal? A) perfume B)coke ^ 

C) ammonia v D)suga"r, 

J. Coke ia made in a proceaa cabled A) carbonisation; B) liquefaction 
C) gasification ; D) naturalization ' 

' . .. t • . » 

&• In 1950 in t he U.5., A^Jcoel U8e increased because, wood was not convenieny^" 
B) coal use increased because of industrial growth C) coal uae decreased '' 
, becauae of the increase in uae of natural gaa and petroleum. * 

9. Lignite has ' A) a higft heat value and high sulfur content 

B) a low heat vaJLue and low sulfur consent C) a high sulfur content and 
. ■ *' " * low heating value 

JO. The 2 thinga that determine how coal ia uaad are a)» chemical content 

and moisture content B) where it ia mined and how it la transported 
q C) the en»rgy shortage and OPEC v 

ISjC . • ,. f ><i; : --V,.' ; '•' -115 
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BEHAVIORAL OBJECTIVES i 

(1) The student should be able to write the chemical formulas 
fori sulfur dioxide, carbon monoxide,' carbon dioxide, and 

(2) The student should be. able to list 5. major air pollutants 
produced from coal combustion and list major environmental 
effects of eacfc pollutant. . 

(3) The student should be able to define 12 terras related to 
environmental effects of coal use. 

• * •* * 

(k) ?he student should be able to describe, in general, the 
• steps of "strip mining" for coal and the process of re- 
clamation of strip, m^ned land. 

(5) The student' should y be able to demonstrate, the complexity 
P of the issues o'f energy [use/environmental problems. y 

* * * * ■ 

* , « 
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VOCABULARY LIST 



1. aquatic—refers to water * 

2. chlorophyll— green pigment, in plants necessary to . enable 
plants to produce oxygen, anu sugar from sunlight, water, 
and oarbon dioxide. - 

3. combustion — burning , v 

4. corrosion — wearing away of solids, especially by chemical 
action - - 

5. emit— give off, produce, send forth, release / 

6. fly ash — solid particles produced by burning of a substance 

4 

7. ,ppm= parts per million 
reclamation — restoring strip mined lands to a "usuable" 
condition 

sedimentation — solid particles (usually soil) that settle 
into water (streams, ponds, etc) 

siltation — (see sedimentation) » " » 

thermal pollution — addition of heat to the en\dronment, 
usually to a body of water 
12. CO — chemical formula for carbon monoxide § * 

* " w " w dioxide ' ' 

* * M water 
" « " M sulfur dioxide 



8. 

10. 
11. 



13. C0 2 — 



Ik. 
15. 



K 2 0~ 
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Wka+ about- COAL* 



T 



In* US. Km v»s* r*»f r - - ^itoygK 
-h» if jrf* 500 ye^r* or longer ■» prtMnf- 
uM^e rate*. Only •too*- 19% of our 
e*e*3y is now supplied by coal. * 

*tUc 5*»*»nm»<»<- W9n+* -to oWvU« -»ni» 
by ftutati+vnnO, rnor* CO*' -4or Oil trj 

*>«+vf»l 3«s -Id operate eJeetvierty. . 

Mowever, tf- won't be easy, 
because if— 

To meet clean air regulations, pollutants 
In coal must be removed with costly 
devices called "staok gas scrubbers," 
or by using expensive new gasification, < 
liquefaction, or other techniques. 





possible, ' 

There are also fears 
that If too much coal 
is burned our climate 
might be affected. 
> 




UlttOl 



Burning much greater amounts of coal 
would worsen the "acid rain" problem. ' 
The hot fumes from smokestacks react 
with moisture in the atmoaphjere to fonrf 
sulfuric acid, which returns to earth as 
-acid rain - with devastating effects on 
plant -and animal life. 





There is also the question of whether our 
rundown railroads can haul enough coal 
to meet our needs. 





' 1 '<J : W\ 1st. 
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FACT. SHEET i WATER POLLUTION . 
"OShermal Pollution * 

Thermal pollution is the addition of heated water into 
riverar and other" bodies of water. The burning of " ooaj 
releases immense amounts of heat, raucty of whioh is released 
into some body of water. Especially at fault are steam 
generating, plants, that produce electricity. 



PROBLEMS i w 

(1) Warm waier holds less oxygen. than cool water. 

* r 

Aquatic life is affected. 

(2) Most chemical reactions take place faster in warm 

water. • 

i . • 

\ 

SOLUTIONS ! % 

(1) Heat may be dissipated by -doling towers or ponds. 

(2) Sometimes the same water is used over and over for 
cooling (ex$ Gallatin Steam PJ.ant). 

(3) Experiments are -W&^ig carried out with catfish grown 
in the v >wirmer discharge water. Good results have been 
obtained so far. 
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PACT SHEET i WATER POLLUTION 
"Sedimentation " 



Sedimentation often refers to soil particles that become 
suspended ipi, or fall to the bottom of , streams and ponds. 
Sedimentation is often the result of strip mining of coal. 



than normal. ^WSr 

(3) The eggs and larvae of some animals (especially shell 

fish) are very sensitive to silt. 

(4) Silt makes waiter unsuitable for drinking by humans. • 

(5) Silt causes albrasion to organs of water animals. 



SOLUTIONS i • • 

• (1) Careful management of strip mined land. 

(2) Sedimentation poools for settling* water before it 
enters streams. 



•PROBLEMS! 



\ 



(1) 



(2) 
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. FACT SHEET t WATER POLLUTION 
"Acidity" 

Acidity is the lowering of the ph concentration in waters. 
Aoid waters often are formed from coal mines (mainly deep 
or shaft; mines). The sulfur in the coal forms sulfuric 
acid in water. 



PROBLEMS t - ' 

(1) Many aquatic organisms are very specific as to the 
. • * ph of the environment in which 1hey can exist., 
\ (2) Acid water adds to the acidity of local water-supplies. 



SOLUTIONS i • 

(1) 5 Mine acid can be neutralized by using a base such as 

limestone. (This is very expensive and also adds 
"hardness " to the water . ) 

(2) Prevention of the entry of the acid water into the 
local water supply can be accomplished by dams on 
strip mined land or the early establishment of ground 
cover such as grass or trees on reclamed stripped 
land. 




/ 
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WATER POLLUTION 9 
Directions : Words and terms relating to water pollution are given 
with the letters scrambled. Read the definition for each and un- 
scramble the letters. 

- Poisonous chemicals often eventually de- 
posited in our waters and used initially for 
destroying insect pests 

-A chemical used to purify water and de- 
. stroy germs 

- Untreated wastes from sanitary seWers 



1. DTPSEEISIC 



2. RLONCHEI 



3. ARW WESGAE 



4. LATUPOTLN ^ - Any substance that pollutes the water or 
other substances 

5. TRAMNETET ALPTN - A place where raw sewage is treated.be- 

fore disposal 

& Organisms other than human life which 

. "sufferirom water pollution 

7. COLXITOOGY -The science dealing with the detection, 

_ effects, and antidotes for poisons 

-The act of eliminating unwonted waste 



6. LEWFILID 



8. LASOPSID 



9. TIONFURPICIA 



10. >ATHE 



11. MESDITEN 



12. ALA EG 



13. RLFEISREZTI 



The act of making a substance free of coa- 
tamination \ - 
Discharged by power plants in the cooling 
process and thereby upsetting the water 
ecology ^ 
Fine particles of matter which settle tc the 
bottom of water or other liquids 
Water plant life which in normal amounts 
help to maintain the oxygen balance in 
lakes and streams ■ 

Usually a combination of phosphates, ni- 
trogen, and other plant nutrients used to 
promote plant growth; often washed into 
our waters and causing a spUrt in algae 
growth with dire consequences 
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POLLUTION! OF OUR WATER 
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ACROSS 
may* get sick or die 



5. 
7. 



by drinking water from pol- 
luted streams. 

__, , wher£ goods are 

made, often pollute streams, 
water h safe to drink. 

carry \rain 



* water from towns and cities 
to streams. (2 words) 
10. A place where sewage is 
tf^ated (2 words) 

12. Water running over 

in a skeam is not always safe 
to cj.-ink. • ■ . 

1.3. N'.' 1 <."£U1; 



DOWN 

2. ^The act of getting rid of some- 

thing 

3. .Clean „ m lakes or 

streams is becoming hard to 
find. 

6. A cleaning product that often 
pollutes our water 

8. The large* body of salt water, 

colled an — , also 

has. pollution. 

9. A ship used for carrying oil 

! 1. Any & ~~ .. , a chomicoi 

dangerous to man. mcv ro*- 
r.le our stre-!m>. 



♦ ♦ 
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PACT steSTi AIR POLLUTION 
-Sulfur Dioxide " (S0 2 ) 

Sulfur dioxide is a gas produced primarily by coal combustion 
(approximately 87# of all sulfur dioxide in the U.S. comes 
from coal combustion — Ohio is thought to be the state With 
the heaviest S0 o emission) # * 

PROBLEMS ! . k, 

(1) "acid rain" is produoeoN^y the combination of S0 2 

and water . Sulfur dioxide may be transported hundreds 
of miles in the air before it *!falls out" as acid 
^ rain. v , 

(a) acid rain corrodes marble^ limestone, mortar, 
£teei, iron and zinc. (The Taj Mahal and 

' Parthenon show evidence of this) 

(b) Although .experts disagree, there is sonie evidence 
that aoid rain "spots" plant leaves and leaches 
nutrients from them. 

(c) Highly licid waters affect^ the development of / 
fish eggs M 

(2) SO^ in the atmosphere i - 

\(a) increases the drying time of some paints 
• > (b) high atmospheric concentrations of S0 2 for 

short times* causes dead areas on plant leaves j 

lowdr atmospheric concentrations over a longer 
period of time causes yellowing of leaves and 
lowers the amount of chlorophyll in a plant, 
(c) S0 2 is absorbed by leather and consequently 
weakens it 

1 (d.) Paper absorbs §0 2 and becomes discolored and . . 
* *' brittlt. , * 



SOLUTIONS (?)> •' V • . ' 

(1) Bvirn^jig iow^ulf ur-cpnte'nt coal, 



r » 

(£) Cleaning coal before burning it 

(3) Fluidized bed combustion— crushed coal is burned 
in a bed of limestone which captures the sulfur 
chemically. Then the waste product is discarded 
(another problem). . 

(k) The 1977 Amendments in the Clean Air Act of 1970 
requires all new cotti burning industries to use 
smokestack scrubbers to remove sulfur, and most 
existing facilities' to retro-fit scrubbers when 
feasible. (Most Industries .consider, scrubbers un- 
economical as they are expensive, aid tend to 
*break down often.) 





leopatra's needle" 
NYC is an example 
air pollution, 
was sent to the 

S. in 1880's. 



This is. the east side 
•of the monument. The 
inscription is clear 
and legible. 



o 
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This is' the west 
side of the monument. • 
The chemicals in N{y r s. 
air, carried by the 

prevailing westerly 
winds , have destroy- 
ed the hieroglyphics 
in 90 years I * 



This picture shows on the left a healthy birch leaf. 
On the right is the same leaf after 2 hours of exposure 
to air containing two parts per million of sulfur di- 
oxide* * 
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FACT SHEET i AIR POLLUTION 
"Carbon Monoxide" 



Carbon monoxide * (CO) is a gas produced by coal combustion 
(in the TJ.S., automobile produce moie than 180 times the 
carbon monoxide that;, coal combustion produces) . 



[ 



PROBLEMS t - ' "% 

(1) high levels cau^e suffocation of humans and animals 

(2) very high levels miy inhibit bacterial -nitrogen- 
fixation of legume plants , 



SOLUTIONS i *! 

experts seem to agree that no significant impact on. 
vegetation and animal life is likely 
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>ACT SHEET i AIR POLLUTION - f 

"Nitrous Oxides" ' v - 

Nitrous oxide is a gas produced by o«>al. combustion (however, 
ooal combustion accounts^ for only l/3 as much nitrous oxide 
as do automobiles ) . ; 

PROBLEMS t t . 

(1) nitrous oxide affects people. and animals' respiration 
(100 ppm is lethal tc^ most animals). 

(2) causes damage ,to plants exposed to it — spotting, even 
rotting (10 ppm?= a 60-?0# decrease in the rate of 
photosynthesis) . 

(3) can form "aoid rain" when N0 2 (nitrous dioxide) combines 
with water (HgO) - - - , / *~ 0 * 

{k) N0 2 and NO (nitrous oxide) are main ingredients of. 
photochemical smog (N0 2 and NO react with sunlight ' 
to produce ozone-Vo^) — photochemical smog damages , 
food crops \ 




> 
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FACT SHEET i AIR POLLUTION 

1 

"Carbon Dioxide" 

> ♦ 

Carbon dioxide is a gas produced naturally by plants and 

# 

by the combustion of coal. 
PROJBLEMS t ' 

(1) Carbon dioxide (COg) in the atmosphere causes the 
atmosphere to retain more of the sun's energy than 
it now does* ©lis could raise the average temper- 
ature of the earth which could i 
(A) Melt po^ar ice t caps if the earth's temperature 
increases 7-12 degrees — this could flood coastal 
areas assess Vose. This warming of the earth 
is often called the "greenhouse effect" • s 



SOLUTIONS (?) 

At the present the federal government has declared no 
acceptable or official pdicy'on CO^ emissions. 



« 

I ■ • 

* Since 1850 the amount of CO in the atmosphere has increased 
by 10 %, ^ of that increase has occured in. the last 10 
years. Predictions are that in 1990 theC0 2 level will 
be double what it was in the mid *70's. The National Energy 
Plan I (1977) encouraged large users of oil and natural gas 
to switch to coal when possible. Therefore levels of C0^ 

from coal combustion will continue to rise. . 

131 



PACT SHEET i AIR POLLtfTDN 
"Partioles" 

Particles (often called fly ash) are released into the air 
by the combustion of coal. 

» 

PROBLEMS * 

(1) Particles MAY interfere with photosynthesis in green 
plants. . 

(2) Particles reduce visibility by scattering light. 

' (3) Particles speed up corrosinn of materials by serving 
as nuclei to which moisture mair adhere. 
(k) Particles may damage paint especially on cars. 
• 05) Particles may be decreasirg the amount of the sun's 
radiation reaching the earthy 
(6) Particles cause wear on substances by causing more 
frequent cleaning of surfaces. 

SOLUTIONS t 

(1) Settling chambers may be used. 

(2) Wet scrubbers may be used. 

(3) Electrostatic precipitators may be used (these remove 
99+# of fly ash. 



0 



•I 
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FACT SHEET t 
"ENVIRONMENTAL IMPACT OF STRIP-MINING 
(SURFACE MINING) OF COAL" 

WHAT IS SURFACE MINING ? 

Some ooal seams are near enough the earth's surface that 
it is economically feasible and technologically possible 
to "strip". off the covering earth to reach the coal. 
Enormous machines ("Big Muskie"-- the world's largest 
eailth mover can scoop 3^5 TONS of earth in one bite) 
^scoop off the earth and dig out the coal. Until very 
V y recent times/ much of this damaged ("raped n ) land was 
left useless and unprotected. 

WHAT ENVIRONMENTAL PROBLEMS ARE CAUSED BY STRIP MINING ? 

Wildlife habitats are destroyed by the changes in land. 
Soil erodes and is often deposited into local streams. 
Sulfuric acid is formed from water running over exposed 
coal. 

Land and property values near strip minig sites often 
decline in value. 

Un-reclained land is an eye-sore (visual pollution). 
Flooding often eccurs due to lack of >cover crops (grasses 
trees) on stripped hills. 

WHAT SOLUTIONS ARE THERE? 

In 1977 the Surface Mining Control and Reclamation 
Act (SMCRA) was passed by the federal- government. 
This f law requires, mine operators to plan reclamation 
(to -ecological vitality) of land before they are issued 
a permit to mine; to provide for inspections and 
'penalities for violations of strip raining operations. 

The power of enforcing this law lies mainly with the • 
fifty states. 

Reclamation involves . soil studies and wildlife stucfies 

\* • * 

J 

' 133 



before mining begins. It also requires that water 
quality tests be carried out during the mining operation. 
Many small mining companies cannot afford the cost of v 
these procedures. The mining compel is to reclaim the 
land, not necessarily to its original state but "to 
avoid or correct damage to land and waters of the vi- 
cinity, and leave the area in a usable condition". 
Grading of land and planting of some cover (grass, shrubs, 
etc.) is done to prevent soii erosion and begin r«e-vegeta- 
tion. Sometimes reclamation takes place as the mining 
proceeds. 
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ACROSS 

| 4. Any substance that pollutes other substances or materials 

6. The escape of gases into the air from an engine 
I 7. The motion or process of burning 

9 t The often carries air pollution td other areas. 

I 10. A manufacturing plant that often pollutes the air 

11. Air pollution may cause disuses. 

| 12. A mixture of smoke and fog found in many large cities 

13. A chimney or pipe that discharges smoke into the air 
I DOWN 

l.'The result of being made impure by mixture or contact 
I 2. A transportation vehicle usually guilty of polluting the air 

3. The quality or state displaying a lack of purity 
| 5. Being capable of emitting particles of radiation 

8. The part of the living body first affected by air pollution 

I 
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ACTIVITY! 
"What does it mean" 



Instructions t 



(1) Choose one of the following cartoons, discuss , 
on paper what you think it means. 



Y 



138 



4 /C/tal Finally , Mr: Pksidenfc7\ 
%iire Absolutely Rj£ht To 
Trust Us In Privak Busthtt(3 

, To Handle This Clean Air 
Problem Without Government 
Interference' 

^ StncQtt\y } tic. 




FACT SiHEETt COAL MINE SAFETY 

Most mine accidents occur in underground mines rather than 
surface mines. Since 1900, more than 100, 000 miners have , 
been killed in U.S. ooal mines, . •< 

Mine accidents fall into 4 basic categories*- 

(1) accidents involving machinery (the majority of 
strip mining accidents are of this type). 

(2 ) aocidents involving roof and wall failures of 
^ mines • 

(3) Accumulations of gases in mines.* , 
(if) oonoen tactions of coal dust. 

SOLUTIONS ! ,.' 

(1) , To help prevent accidents involving machinery (and . 

all other acoV dentQ ) a11 new miners are given a 
course in mine saxety. m . . • 

(2) Mining engineering helps, prevent roof • and wall 
'failures. As coal is dug out, pillars of ..coal are 

left to help support the "roof of. the mine. Bolts 
/ are also-used in the roof structure. \ ' \ 

, (3) Methaie occurs naturally in coal seams. Methane of 
5-15J6 in air can cause a violent explosion. Carbon^ 
* ' dioxide (CO) is a poisonous gas that causes suffoca- 
tion. Blasting in an underground mine may produce 
* dangerous levels of CO 4 . A powerful fan at the 

surface of the mine forces fresh air in and pi-luted 
air out. All underground mines have an. automatic 
, methane detector that shuts the mine down if methane 
levels reach 2# or more. 
(4) Coal dust, mixed with "methane is explosive. Coal 
dust "particles are also responsible for the res- 
piratory disease "black lung 4 '. c oal dust is con- 
trolled by straying the mine surfaces with water and 
• powdered limestone which dilutes the coal dust. 
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EVALUATION EN VlROjyMiSNTAL PROBLEMS IN USING COAL AND MINE SAFETY 

match $ut the letter of tha answer. Some answers will be 
'uaed/foORE than ONE TIME! II I U 



2. 



Main opponent of 'photochemical smog 
If levels get high enough, may raise 
the average temperature of the 
earth's atmosphere 
paxtiole^ formed, from burning 



A. carbon monoxide 



• f 

electrostatic precipitators are 
used -to remove this pollutant 

a gas capable of suffocating 



B. 

C. 



sulfur dioxide 
carbon dioxide 



6. , an air pollutant that is produce Mainly 

by coal combustion 
J\ a gas that might .be eliminated 

by burning low sulfur coal D. 



nitrous oxides 



6*. cuts down on the amount of light 

1 > 

entering a stream when it is 
present in the stream 

__9. a . "Major" problem 

resulting from strip 
miing 

; i 

10. haavy concentrations may reduoe 

visibility by soattering "sunlight 
(also damages paint — especially on 
automobiles) 



E« fly ash • ', 



F. sedimentation 
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Hi List one effect, of "acid rain". 



12>. Explain how coal combustion can cause acid rain. 



13, What is meant by the "greehouse effect"? 



Ik. What are the purposes of strip mine reclamation? 



\ 



match put letter of correct answer in blank 



15. thermal pollution 

16. photosynthesis 

17. combustion 

18. reclamation 



19 . chlorophyll 

« 

* 1 

20 • aquatic 



a. green pigment used by, plants 
in making food 

b. refers to water 

c. refers to burning 

d. process by which green 
plants produce sugar 
and oxygen • 



e • 



refers to adding' heat to 
the environment,, (usually 

adding hot water to cooler 
water) 



f. process of making strip 
mined. land "usuable" . 
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JJisCUSS 

- • * 

21* What is the major way that dangerous gases are ilhnaged 
in underground mines? 



22. SO^ is the oheraical formula for_ 

23, CO is the chemical formula for 



2^. HgO is the chemical formula for u 
25. C0 2 is the chemical formula for. 
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Health Problems Associated with Coal 

* * 

X* Respiratory Structure* 

II. Health Disorders Related to Coal Mining 

% ' 

A. Pneumoconiosis 

B. Silicosis * - * 

C. Anthracosilicosis - Coal Worker's Pneumoconiosis* 
III. The Effects of the Combustion of Coal on Humans 

A. Particulates ^ 

B. Carbon Monoxide 

C. Sulfur Oxides 

D. Nitrogen Oxides 

E. Hydrocarbons 
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Behavioral Objectives 

•** 

At the end of thia unit, the etudent will be able to: 

I 

1. describe the differences between internal reapiration and external 
reap! ration. 

,2. label a diagram of the respiratory structures. 

3. match a description with the correct reepiratory structure. 

4. tirace the path of a Molecule of oxygen frost the time it enters the 
respiratory <myetem until it is abaorbed by the blood. Listing over 
what atructurea it passes, and describing the effects each has on 

. the- oxygen Molecule. 

5. list six factors which appear to be associated with the development 
of silicosis. 

6. describe how particle size affects the contraction of silicosis 

7. define - silicosis, pneumoconiosis, anthracosilicosis, and anthracos^ 

8. describe how the Federal Coal Mine Health and Safety Act of I969 has 
improved the working conditions of niners. 



19* 



9. describe some physical symptoms associated with silicosis. 

10. describe how the upper respiratory system provides a protective 
mechaniam for the body. 

11. liat five occupationa' commonly aaaociated with silicosis. 

12. liat five primary pollutants found in the atmosphere. 

13. define particulate and pulmonary edema. 

14. describe how carbon monoxide poses a threat to the health of humans. 

15. describe how sulfur oxides affect the body. 

16. describe how nitrogen oxides affect the body. 

17. describe how hydrocsrbons affect the body. 

18. describe how particulates .affect the body. 

> .'..••*. ' •t$*fi?4'.f 

write- -the -chemical formulas for - sulfur dioxide, nitric oxide * ^'SXlNSSl 
nitrogen dioxide, carboy moqoxide, carbon dioxide, carbQxyJietfoj|}^^ 
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Health Problems Associated with Coal ^ 

Since coal duet and the gases associated with the combustion of coal 
have their greateat effect on the respiratory system, a review of the 
human respiratory structures may be presented in conjunction with this 
section of the unit. , 

flflpniratqrv Structures 

Respiration is a combination of two diatinct processes, one mechanical, 
the other chemical. External respiration is a mechanical process controlled 
by the pressure of the atmosphere and the action of certain body muscles. 
It functiona to bring air into the lungs where oxygen is absorbed by the 
blood, and to remove gaseous wsstes brought from the body to the* blood. 
Internal reapiration ia the exchange of oxygen and carbon dioxide between 
the,body«a cells and *he fluids which circulate sround them. This is a 
chemical process. 

The firat part of the human respiratory aystem with which air normally 
comes in contact is the nasal cavity. The nasal cavity is divided 
internally into two smaller cavities by a wall, called the septum. 

From the nasal cavity, the air enters the pharynx. This ia the region 
in the back of the mouth which aerves as a passageway for btoth air and 
food. The lower end of the pharynx ends at the glottis. This is the 
opening into the larynx, or voice box. The glottis is a narrow slit, 
around the rim of which are the vocal cords, whose vibrations produce 
sound. The epiglottis sets as a tra^p door to close the glottis during 
swallowing. 

.The glottis opens into a roughly triangular chamber, the larynx, or 
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voice box. The larynx may be quite conspicuous in some men and it is 
commonly called the Ad«m*s apple* 

* 

Below the larynx ia the trachea or windpipes The trachea is not a 
perfectly round tube* being alightly flattened along the rear surface* 
Its walla are composed of -alternate banda of membrane and cartilages 
This cartilage ia quite firm but ia also aomewh^i elastic* Thus the 
partial ringa of the trachea maintain an open passage for the air at 
all limes. The lifting jof^ the trachea ia compoaed of ciliated cella that 
secrete mucus* The function of the cilia ia to carry small particles 
of debris from the lungs upward to the mouth or nasal cavity so that 
they can be eliminated. 

The lower part of the trachea divides into two parte, the bronchi. 
Each bronchus then divides many times, each diviaion having a Y-shaped 

form. These small branches the bronchioles, eventually form a very 

■ ^ - 

large number of minute terminal branches which end in air sacs. This 
huge number of smallest air passages afeforda an adequate pathway for. the 
passage of air- into the lungs and the exit of gases from it* $ 

The walls of the air sacs have protruding pouches called alveoli. 
It is through the walls of the alveoli that tlie actual exchange, of gases 
takes place. Through the thin walls* of the alveoli and capillaries the 
blood is able to obtain oxygen from the air, and giye up waste gases tp 

* 

the spaces. „ . ' * 
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RESPIRATORY SYSTEM 



Place the following label* on the diagram 



heart 

bronchiole 
oral cavity . 
nasopharynx 
laryngeal pharynx 
esophagus 



trachea 
left lung 
right lung 
bronchus 
epiglottis 
larynx 



nasal cavity 
parietal pleura 
pleura cayg^by 
pulmonary pleura 
oral pharynx 
nassl concha© 




entire* 6/ 
structure 
outer areay. 

niddle area. 



.13. 



inner area 



//s V.)/, ..-/.<£ r c,_ . // /? a ~. \>, 

I ll u F> * • 1 V M\ *0 ! * • ' \ 1 v Vs. 



12. 



Ac*' a f I. n- // 



f: 



iERiC 



/ 



10. 



150 



TRACHEA, BRONCHI , 
AND BRONCJUOLES 



RESPIRATORY jSYSTEM 



Place* the following labels on the, diagram: bronchioles, esophagus, trachea 
glottis, epiglottis, and larynx 

/ 

2. 




ALVEOLAR AIR SACS 



RESPIRATORY SYSTEM 



Place the following label* on the diagraa; bronchiole, pulmonary arteriol 
pulaonary venule* 




Matching - Match the description on the right with the correct term on the 
left. Uee letter answers. Two answers are used twice 



1. divides the nsssl cavity into two halves 

2. a thin-«alled structure through the walls 
of which the blood absorbs oxygen 

3. some time a called the Adaa's apple . 

4. windpipe , 

5. the region in the back of the atouth cavity 
which is a passageway for both food and 
water 

6. the trachea divides into a left and right 
of this 

7. the voice box 

8/ passes downward frost the pharynx anterior 
to the eaophagus 
; Q. - is used to c^ose the glottis during swallowing 

JLO. a mechanical process of getting air in and 
out of the body 



A # alveoli 

Be bronchus 

C. epiglottis 

Ds external 

re api ration 

E # larynx 

Fs pharynx 

G/ septum * 

H. trachea 



S^prt An aw or 

1. Trace the path taken by a molecule of oxygen from the time it enters 
the respiratory system until it is absorbed by the blood. Tell over 
what structures it passes, and the effects each has on it. 



2. Distinguish between members of the following pairs of terms: 

A. air sac - alveolus 

B . bronchus • bronchiole 

C. glottis - epiglottis 

D. pharynx - larynx" 

** 

3. Describe the differences between internal respiration and external 
respiration, 

Ierjc - i5J 



( Health Disorders Related to Coal Mining 

A 

Pneumoconiosis is a general tors which refers to dust retained in 
i the lungs. It is evident that everyone acquires some pneumoconiosis because 
I varying amounts of particulate matter are retained in everyone *s lungs. 

The cosl smoke or soot pigmentation of the lungs of industrial city 
\ dwellers is a type of pneumoconiosis known as ahthracosis. Autopsies. 

have shown thst the lungs of London dwellers have been black as a result 
1 of coal soot since the reign of the first Elizabeth, when England began 
I to use coal in quantity. 

t » 

gUjjCftmlfl 

It is necessary to use specific terminology when speaking of various 
pneumoconioses due to occupational dust expoeures. The occupational 
inhalation of dust containing crystalline free silica (SiO^) is silicosis. 
It results in fibrous nodules uniformly scattered in both lungs or the 
formation of scar, tissue (fibrosis) which may be progressive with 
increasing impairment of lung function. 

Silicosis will occur in an industry, in which workers are exposed to 
sufficient concentrations of dust containing free silica in crystalline 
form in particle sizes below five microns over a long enough period of 
time. All types |>f m/ning in which the ore is found in quartz rock have 
produced silicosis. 

Silicosis appears to develop as a result of certain factors, which are: 
1. the percentage of free silica (Si0 2 ) in the dust inhaled; 2. the * 
concentration of dust at the breathing level on the job; 3. the size of 
the dust particl.es; 4. the mixture of other dusts; $. the time spent 
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in thi. «t.«.ph.r., and. 6. Individual difference, id .u.ceptibility. 

U.u.11, it take. «t l...t five year, of expo.uro to con. -.tration. 
of -or* th«n five -Allien particle, per cubic foot of du.t. with at iea.t 
fifty per cent -ilica content to produce clinic.l .ilicci.. But, thi. 
doe. v«ry with individual difference, in «u.ceptibility . 

All P «rtiole. th.t are larger than ten micron, in aire are filterbd 
out by the protective »echani«. of the upper re.piratory tract and bronchi. 
Du .t particle, le.. th« five -icron. in .iz. are carried by inhaled air to 
the alveolar duct.. The., particle, are engulfed by phagocyte, and 
carried to the iy-ph.tic.trea- and the pul-on-ry ly-ph node.. Silic. 
c.u.e. an exce..ive build up of .car ti«u« cell, which rieult. in 
.nicotic nodule.. When .ilic. du.t i. exc«..ive, individual nodule, »«y 
beco-e large and nu-erou., and thi. -ay cau.e overdi.ten.ion of the lung.. 

The on.et of -Alico»i. i. gr«dual and not recognized. Often it i. 
year, before a di.gno.i. can be -ade. Then .hortne.. of breath on 
exertion -ay precede other .y-pto-.. Cough and wheeling appear next. 
Expectoration of d.rk |rey or black -pectu- occur, with respiratory 
infection.. When the third .tag. develop., there -ay be che.t pain.. 
Blood -pitting u.u.lly «•<«>» « explicating tuberculosi.. 

Pulmonary tuberculol. i. the chief co-plication of siiicosi.. 
The cellular .toxicity of ailica ^endj^to .ti-ulate multiplication of 
tubercle bacilli. Silicotuberculci. often i".~progf «^ve-*«»--i*-a»«9ilJL_ 
fi.t.1.. According to . .tudy co„ducted-by L. 0. Gardner in 1037, coexi.t.nt 
pul-onary tub.r.ulo.i. w.. found in 75 per cent of fatal case, of .ilicosi. 
in South African gold -in.r. «nd in 65 per cent of a large group of 
.ilicotie lung, drawn fro- a wide variety of indu.trie.. Chronic 
bronchiti. al.o occur, in a high portion of advanced ailicotica. 
E-phy..-. i. a fairly frequent end .tage of tho.e with advanced .ilico-i.. 
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The chest X-ray afford* the basis for diagnosis. The modules of 
simple silicosis are revealed on the X-ray film when they ar« about 
two millimeters in diameter. Tho degree of disability can be determined 
by testing the maximum breathing capacity or tho maximal expiratory flow 
rate of -the patient* 

Silicosis is a permanent condition, irreversible . by any treatment. 
With simple nodular silicosis tho prognosis is good, provided that 
further silica dust exposure it reduced to a safe level or is stopped 
altogether and also provided that tuberculomas is prevented. 

A pthracosilicosla - Coal Worker's Pneumoconiosis 

Coal dust inhaled in heavy concentrations over many years results 
in simple dust accumulation and the formation of scar tissue which 
causes impairment of the lungs. Coal dust without any associated silica 
can cause damage to lungs because of bronchial irritation and > 
emphysema. The results being the development of breathlessness and. 
impaired ventilatory functions. 

The effects of coal dust on the lungs has been studied in the 
anthracijbe mines of eastern Pennsylvania. Most disease occurring in 
anthracite miners either in anthracosilicosis (coal dust plus silicosis) 
or anthracosilicotuberculosis because hard coal mines. entail much rock 
dust expo sure nigh in silica content. Active tuberculosis has been quite 
prevalent in the ^silicotic hard coal miners. 

In bituminous or soft coal,- the silica dust exposure is decreased, 
and ^here Core, the incidence of active tuberculosis has been considerably 
less than in anthracite miners. m \ 

The incidence of coal worker's pneumoconiosis varies in. different 
coalfields and even between different mines in the same coalfield. It is 
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•ore conon among minora working in pita with small , deeply situated 
coal seame, and the incidence also ri sea with increasing mechanization. 

Minora employed am hard headora and rockworkera. in the construction l ' 
of communicating ahafta between adjacent seama or bridging geological 
fault, work almoat entirely in hard, siliceous rocka and are consequently 

* * 

<. v 

exposed to a highe^ concVmt ration of silica dust than those at the coal v 
f ace* 

Coa\l mine dust when inhaled is fairly evenly distributed throughout the 

lungs, but the ma^ijial changes occur in the upper two-thirds of both lungs* 

The pajority of the particles: are ingested by macrophages and are removed 

by ciliary action .which movea the brTonchial mucus and trapped duat 

— 1 . - ' * . ■ ' ■ . 

upwards to the trachea where it is either expectorated or swallowed. 

# » 

Since 1969, the Federal Coal Mne Health and Safety Act ha* established 

uniform standards for coal dyst concentration level a, mine ventilation, * 

. ■ * ■ • ' 

roof aMpport, mine inspections, and equipment* The law provides fqv 

* * ■ - * 

regular payments from the United Spates Government to miners who cannot 
work because they suffer from pneumoconiosis. \ 

Occupations Associated with Silicosis 

Table 1 



2 



The mining of gold, tin, copper, mica and graphite^ 7 

\ \ / 

The quarrying off granite, aandstone and alate \ ' 

\ ' . t " A 

The dreaaing of granite and siliceous rocks, and stonemasonry 

\ '. • 

Metal grinding, casting, coremaking and knockouty caating clearing 
and sandblasting • - \ 



5. The manufacture of pottery and ceramica 

\ . A 

6. The manufacture of refractories \ 

7. The manufacture of abrasive powders containing silica 

* P ■; * • ' * . \ 

8. Enamelling • ' *; • ' < 

• ' ' " ^ 

9. Boiler scaling '■■ ' \ 

«■ v »* * 

10. The manufacture of Rubber filler* 

* 9 ■ X- • • • 



PNEUMOCONIOSIS 



ROUTE OF DUST PARTICLES 



FINE X R DUST PARTICLES 
REACH THE ALVEOLI 
AND ARE CARRIEO 
BY PHAGOCYTES 
TO LYMPH NODES 
ALONG THE 
BRONCHI. 



PRIMARY LOBULE 



LYMPHATIC 
VESSEL 

PULMONARY 
VEIN 



LYMPH NODE 





BRONCHIOLE 



PHAGOCYTE 



PULMONARY 
ARTERY 



ALVEOLUS 
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Health Disorder* Related to Coal Mining 



Short An ewer 

Liet eix factors which appear to be associated with the development of 
silicosis,. ^ 

How does particle size effect the contraction of silicosis? 

List occupations in .which the danger of silicosis exists. 

Define - silicosis* pneumoconiosis, anthracoailicosis, and anth.racosia« 

Describe how the Federal Coal Mine Health and Safety Act of 1969 improved 
the working conditiona of miners. 

Why is silicosis more prevalent in anthracite miners rather than 
bituminous minere? 

How doee eilics affect the growth of the tubercle bacilli? 
How are the majority of coal dust particles removed from the lungs? 
Describe eome physical symptoms associated with silicosis. / 

Fill in the Blank - Fill in the blank with the correct term or phrase 
to make the statement correct. 

•t 

The occupational inhalation of dust containing crystalline free 
silica is . 

is the chief complication of silicosis. 

. refers to dust retained in the lungs. 

All particles that are larger than microns are filtered 

by the upper a respiratory tract and bronchi. 

Dust particles less than _____ microns are carried to the alveolar 
ducta. ' 

are the basis for diagnosing silicosis. 



When coal dust is inhaled, the maximal changes occur in the upper 
; of both lungs. 

' . is the chemical formula for silica. 

"I" 1 l» I H HI li I ll I I I jft 

The ' ■ establiahea uniform standards for mine 

ventilation, coal dust concentration, levels, roof supports, mine 
inspection, snd equipment. , 



I 

III. unscramble the Word* - Place the correct spelling of the word 
In the blank. 

1. l _ GYOPAHECT - a cell which engulfs into its 

cytoplasm particles fro* its surroundings, by a process of 
flowing all around the* 

2. OCINOTHASIRIALCSS - coal dust plus silicosis 

3. SHOARMCPAGE - phagocytic cells widely 

distributed in the ne^rtebrato body 

4. ' INNPUNCEOOIOSS - dust in the lungs 

5. , LISICA - ( nnd« to stimulate multiplication 

of the tubercle bacilli 



v 
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The Effect* of the Combustion of Coal on Humans 

When coal is burned, several gases and waato product a are released 
into the atmosphere. Among thoae substancea released are: carbon 
monoxide, sulfur oxides, nitrogen oxides, particulatea and hydrocarbons. 
These five types of substances are known as primary pollutants and 
account for 90 per cent of the nationwide air pollution problem. 

PurUtnUftgf. 

Particulates are small, aolid particles and liquid droplets which 
are present in the atmosphere In great numbers. These aubs£. an ces may 
include organic compounds, metals, dusts, and sea salts. They enter 
the human body almost exclusively by way of the reapiratory system. 
The'-extent of penetration is related to the size of the particulate. 

The respiratory system is often classified. into an upper,. system, 
tfhich includes the nasal cavity, pharynx, and trachea, and a lower 
system, which includes the bronchi and lunga. / ' t' LJ . 

In the upper respiratory tract, particles greater than^We microns 
in diameter are filtered from inhaled air. Hairs in the nasal passage 
form the first line of defense, but particles may also be trapped in the 
mucous which lines the nasal cavity and trachea. 

Particles smaller than five microns escape the upper reapiratory 
tract and enter the lungs. Theae particles are usually removed by cilia 
which line the walla of the bronchi and bronchioles. A continual 
waver-lifca motion of the cilia has the effect of moving the mucous and 
particles up to the .pharynx where they may be eliminated. 

Particles less than' 0. 5 microns in diameter reach and settle in .yie 
alveoli. The removal of such particles is less rapid and less complete 



^1 



than fro- the larger particloa, aince alveolar membranea have no 
,uco«. covering or cilia. Thue, particulatea of smaller size penetrate 
the deepest into the lungs and remain there the longeat. 

Particulataa may ba toxic and directly affoct the body. Many toxia < 
•atari ala are preaent in trsce amounte. ***** -atale found in the air 
are considered to ba toxic, among tham"aro: nickel, beryllium, cadmium, 
tin, antimony, leaa, biaaiuth, and/mercury. 

ZVkSib Monoxide 

V : BxpOaure of humans to higH concantrationa of CO can result in death. 

Carbon monoxide poses a threat/ to health becauae of ita ability to react* _ 

with hemoglobin (Hb) in the blood. Hemoglobin functiona aa a transport 

system in the blood to carry oxygen in the for- of oxyhemoglobin (0 2 Hb) 

fro* the lungs to the body cells and C0 2 from the cells to the lunga 

as CO Hh. Whan hemoglobin combinea with carbon monoxide, cai boxyhamoglobin 

■2 f 
(COHb) is formed. When this reaction occurs, the ability of the blood 

to transport oxygen is reduced. The affinity of hemoglobin for CO is 

more than 200 times greater than for 0 2 . Therefore, Jhen both are 

•preaont, CO will form a» l compound, with hemoglobin and^oxygen will not 

be utilize*** .'•■*••*. * 

- - The liealth^ef facta 6f CO are diacueaed in terms of the per cent 
of COHb it* the blood. '/When the COHb blood lmvel is lesa than one per 
ceut, there are no **(arent affects on the body. When the XOrtb blood , 
isval ^ between v i;o to 2.0 par cent, there i a soma evidence of effect 
on bahavorial performance. ;When the COHb blood level, is. between '2.0 y 
to 5.0 per cent-, th* central nervoua ayatem ia affected. Th*re ia an 
impairment of timeriuterval disc^l^hatibn , visual* acuity , and. 
^brightness discrimination! Whan the., COHb blood level ia 'greater thM O 
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5.0 per cent, there are cardiac and pulmonary functional changes. 
When the C^Hb blood level ia between 10.0 to 80.0 per cent, L.^e 
individual experiences headachea, fatigue, drowsiness, coma, 
respiratory failure, and death. i 

The national air-quality atandarda for CO established an upper 
exposure limit that corresponds to an equilibrium COHb level of 
1. 5 per cent. , 

Sulfur Oxides 

, When the concentration of sulfur oxide is below 25 parts per million 
the gas dissolves in the moist mucous lining of the upper respiratory 
tract, and very little is believed to penetrate deep in the lunga^ r 
Studies conducted under the Community Healthy and Environmental v 
Surveillance System Program ^) the Environmental Protection Agency' 
show a definite correlation between the incidence of reapiratory 
infection in children and the level of sulfur dioxide pollution in 
their environment. 

It fiaa been ahown that sulfur dioxide^ inhaled through the mouth 
produces greater effects than that inhaled through. th« .nose. Tho 
nasal cavity ibaorba large amount a of sulfur dioxide. V 

*fost of the concern about the health hazard of current atmospheric 

' . • - * • 

sulfur dioxide concentrations is rela^d to their effects on the elderly", 
asthmatics, and other susceptible people with chronic respiratory • # 
problems. * . 

"i - 



' Nitric oxide (NO) and nitrogen dioxide (N0 2 ) are potentiaf^health • 
hazarda. Nitrogen dioxide is about four times more toxic than nitric 
oxide. Nitric oxide ia hot an irritant, and is not considered a health 
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hsssrd. 

The affects of nitrogen dioxide on humane and animals are confined 
to the respiratory tract and occur. only with nitrogen dioxide levels 
higher than those now found in the environment .. According to the 
experiments conducted, on human volunteere for low concentration teats 
and animal a for the high-dosage experiments, an increase in dosage 
•resulted in the following effect sequence: odor preemption, nasal 
irritation, breathing discomfort, acute respiratory distress, pulmonary 
edema (fluid accumulation) and finally, death. Concentrations of 
nitrogen dioxide greater than 100 parts per million were* lethal to 
most animals, and 90 per cent of the resulting deaths were caused by 
pulmonary edema. 



V 



hydrocarbons 

Currently, there is no evidence to indicate that hydrocarbons, at 
present air concentrations, exert- any direct undesirable effecta on 
humans. ^Experimental data obtained from research on humans and 
animals indicate that hydrocarbons produce undesirable effects only at . 
hundreds, to thousands of times higher than those now found in the 
atmosphere. No effects have been. reported for levels lower than 

500 parts per million. 

The following effects have been observed in humans exposed to 
ozone under experimental conditions; no ill effects were noted at 
concentrations up to 0.2 parts per. million. A level of about 0.3 
parte. per million appeared to be the threshold level at which nose 
and throat irritation began. Exposure to. o«on<* concentrations of 
1.0 to 3.D parts per million for a period "of two hours produced 

extreme fatigue and* lack of coordination In subjects. Exposure to 

* » *• . ' 
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concentrations of about 9.0 part* per ■illion for si»i 1 ar time periods 

> 

produced severe pulmonary edema in poet subjects. 



TABLE 6-4 
PROBLEMS 


\ 

, ' V 

TOXIC TRACE METALS THAT MAY POSE AIR POLLUTION 

* * • 


"•a 


ELEMENT 


SOURCE! 


HEALTH EFFECTS 




Antimony 


Industry 


Shorttnad lift *»n In rats 




Beryllium 


Coal. Industry (new um 
proposed In midair powar 

industry, a* rockat fual) 

/ * 

•» / 


Probably tha moat toxic of tha 
.alght. It accumulates In the lu^o» 
- to produce berylliosis, a serious 
dltaasa. carcinogenic to rats when 
inhaled. - 


i. 


Bismuth 


V^OSJl 

4 


Low ordar of toxicity, kidnay anil 
liver damaga in large dotes 




Cadmium 


Coal. line mining, watar 
maint and pipas , tobacco 
imoka 


Cardiovascular dlsaasa and hyper- 
tension in hume; ns suspected, 
interferes with sine and coppar 
matabolism 






Auto axhaust {from gaso- 
lint), paint* (prior to about 
1948) 


Brain damaga. convulsions, 
behevlorel disordars, daath 


r 


Marcury . 


Coal, tlactr icai apparatus, 
othar industrial funotcidas 


• Nerve damaga and daath 

< 




Nlekal 


■» 

Diastl oil. rtsWual ofl. 
coal, tobacco smoka* 
chamlcaUsttd catalysts, 
rtaal and nonfarrous alloys 


Carcinoganic propartlas in ani- 
mals, and In humans whan inhaled 
as tha carbonyl, NitCOU 


t 


Tin 


* % Iron and staal production, 
coal, tin plating 

♦ 


Low ordar of toxicity, dacraasad 
Ufa span In rats and mica, livar 
lasions in rats 





Data from "A Sarnibl* Look at Afc PoHutlon b V Matali." by H. A. Schroadar °' 
enrtwmnul'HvM*. Dacambar 1970. p. 803. and "Traca Matala: Unknown, Unaaan Pol- 
luiion Thrmx." Ch*nie»t in§in—rinf N*»t. July 19. 1971 . p. 30. 
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The Effocte of bhe Combustion of Coal on Humana 



X. Short Answer 



1. Li at fiva typea of aubatancaa known as primary pollutants. 



2. Daaoriba how particulate aixa affects the depth of penetration in 
the reapiratory ay at em. 9 

3. What are particulatea? 

I 4. List eight toxic metala found in .the atmosphere. 
5., How doea CO poae a threat to health? .. * 

6. What i a the function of Hb in the blood? 

7 # What per cent level muat be reached before death due to CO poisoning ' 
takes place? 

8. What happens to the majority of aulfur oxidea in the body? 

9. What effect doea aulfur dioxide have on children? 

10. How doea nitrogen dioxide affect the human reapiratory tract? 

1 

•11 . What ia pulmonary edema? 

12. How do hydrocarbona affect human health? 

3. At what level does ozone exposure produce pulmonary ed^ma? 



I. Write the chemical formula for each of the following compounds* 

t 

aulfur dioxide ■ ^_ carbon dioxide 



nitric oxide ______^_^. carb oxyhemoglobin ________ 

nitrogen dioxide oxyhemoglobin ' 

carbon monoxide - 

♦ 

1. Have the students write report a on the following air pollution 
disasters. 

i 

Denora, Pennsylvania - .0,948 New York, New York - 1953 

London, England -1952 London, England - 1962 



IV. Have the students use the Micro Slide Viewer Set Number - 89, 
A^r Pollution and Human Health - National Teaching Aids, Inc. 
120 Fulton Avenue, Garden City Park, New York:11040. 
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